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1. SUMMARY AND INTRODUCTION 
T h i s  f i n a l  r e p o r t  documents results of a s tudy of new sys tems concepts  € o r  
a T i t a n  Probe performed f o r  NASA Ames Research Center under c o n t r a c t  NAS .2-12049. 
T h i s  e f f o r t  extends t h e  work previously performed (Hughes, 1978) where a T i t a n  
Probe w a s  conceived based on minimum d e v i a t i o n  from G a l i l e o  Probe hardware. 
Though not  bounded by e x i s t i n g  hardware, t h i s  conceptual  s tudy was cons t ra ined  
t o  r e a d i l y  a v a i l a b l e  and low r i s k  hardware p ro jec t ed  f o r  t he  l a t e  1980's t i m e  
frame. 
as a po in t  of depa r tu re  f o r  t h e  present  s tudy.  
The T i t a n  atmospheric probe concept descr ibed  i n  Swenson, 1984 w a s  used 
T h i s  s tudy a l s o  r e f l e c t s  t h e  l a t e s t  thoughts  of p lane tary  s c i e n t i s t s  r e l a t i v e  
t o  i n v e s t i g a t i o n  g o a l s  which a r e  somewhat d i f f e r e n t  from t h e  previous s t u d i e s .  
Foremost of t hese  i s  t h e  d e s i r e  t o  sample t h e  o rgan ic  haze l a y e r  which surrounds 
T i t a n  a t  high a l t i t u d e ,  up t o  200 km above t h e  su r face .  
t h i s  a l t i t u d e  r e q u i r e s  a low b a l l i s t i c  c o e f f i c i e n t .  
l i g h t  weight Probe design developed i n  t h i s  s tudy  provides  t h e  des i r ed  atmospheric  
s amp li ng . 
Subsonic gas  sampling a t  
The b lunt ,  l a r g e  base diameter ,  
A second new requirement is lengthened descent  t i m e  of 2 t o  4 hours ,  t o  
provide adequate gas  sampling. This  d e f i n e s  p r i n c i p a l l y ,  t h e  parachute  des ign ,  
t h e  descent  thermal c o n t r o l  des ign ,  and t h e  power source  capac i ty .  
A t h i r d  new requirement is  t h e  a b i l i t y  t o  image t h e  su r face  before  impact. 
Th i s  l e a d s  t o  a d a t a  rate one o r  two o r d e r s  of magnitude beyond previous atmospheric 
probes.  
c a t i o n s  r e l a y  enables  t h e  necessary  data t ransmission.  
However, t h e  r e l a t i v e l y  c lose  Carrier f lyby  a l t i t u d e  dur ing  t h e  communi- 
A f o u r t h  new requirement is su r face  opera t ion .  Because of t h e  major e f f e c t  
on probe cost of a hard requirement f o r  s u r f a c e  impact s u r v i v a l  and ope ra t ion  under  
a wide range of su r face  cond i t ions ,  the  c u r r e n t  s tudy  only  d e s c r i b e s  t h e  necessary  
changes; no a t tempt  was made t o  a l t e r  t h e  b a s e l i n e  des ign  t o  enhance chances of 
s u r f a c e  su rv iva l .  
Table  1.-1 lists t h e  key t r a d e o f f s  performed dur ing  t h i s  s tudy  and descr ibed  
i n  d e t a i l  i n  t h i s  f i n a l  r epor t .  
F igu re  1.-1 shows t h e  b a s e l i n e  Probe conf igu ra t ion  der ived from t h e  s tudy 
t r a d e o f f s .  The Probe b a s i c a l l y  c o n s i s t s  of two major p a r t s ,  p lus  s e p a r a t i o n  
and r s d i o  r e l a y  hardware l e f t  w i th  t h e  Mariner Mk I1 Carrier s p a c e c r a f t  a f t e r  
Probe release. 
t a i n i n g  a l l  ins t rumenta t ion  and support  subsystems, a t t a c h e s  d i r e c t l y  t o  a s o l i d  
bery l l ium hea t -s ink  nosecap which provides thermal  p r o t e c t i o n  dur ing  atmospheric  
en t ry .  The Probe a t t a c h e s  t o  t h e  C a r r i e r  through t h r e e  at tachment  p o i n t s  w i t h i n  
t h e  bery l l ium nosecap. 
v ide  t h e  necessary  low e n t r y  b a l l i s t i c  c o e f f i c i e n t  ( h i g h  drag area). 
u s e s  an  a b l a t o r  e n t r y  thermal  p ro tec t ion  system. 
The c e n t r a l  probe element, t h e  1 m diameter  Descent Module con- 
The outer d e c e l e r a t o r  s k i r t  surrounds t h e  nosecap t o  pro- 
The s k i r t  
F igu re  1.-2 i l l u s t r a t e s  t h e  mounting of t h e  b a s e l i n e  Probe on t h e  Carrier. 
Minimum mass and c o s t  r e s u l t  from the nose inward mounting. The f i x e d  d e c e l e r a t o r  
s k i r t  has  less r i s k  than a deployable des ign  and f i t s  w i th in  t h e  S h u t t l e  envelope. 
1 
Figure  1.-3 shows t h e  sequence of events  dur ing  Probe e n t r y  and descent .  
The Probe f i r s t  encounters  t h e  sensible atmosphere a t  an  a l t i t u d e  of about 
700 km. 
of about  190 km where t h e  v e l o c i t y  drops below son ic  speed. A t  t h i s  po in t ,  
t h e  Descent Module s e p a r a t e s  from the  d e c e l e r a t o r  s k i r t  by d i f f e r e n t i a l  drag. 
A s  soon as t h e  s k i r t  is clear,  a lanyard from t h e  s k i r t  deploys a parachute  
from t h e  r e a r  of t h e  Descent Module. 
ins t ruments  deploy,  t h e  communications l i n k  is e s t a b l i s h e d  with t h e  C a r r i e r  
spacecraft, and t h e  Probe begins  t h e  nominal 3 hour descent  t o  t h e  sur face .  
The Probe undergoes supersonic  aerodynamic d e c e l e r a t i o n  t o  an a l t i t u d e  
A f t e r  t h i s ,  t h e  o p t i c a l  heads of c e r t a i n  
The i n d i v i d u a l  s e c t i o n s  of th is  r e p o r t  g ive  mass breakdowns of each 
Probe subsystem o r  major element. Table 1.-2 summarizes t h e  Probe mass. A s  
shown, t h e  t o t a l  of 154.8 KG separated mass is over  one t h i r d  d e c e l e r a t o r .  
Carrier mounted hardware comprise 34.7 Kg w i t h  a t o t a l  mass inc luding  
cont ingency of 208.5 Kg .  
according t o  i t s  va r ious  subsystems. 
T a b l e  1.-3 f u r t h e r  breaks down t h e  descent  module mass 
The next s e c t i o n  of t h i s  f i n a l  r epor t  d e s c r i b e s  t h e  mission a n a l y s i s  
performed t o  determine compliance with t h e  h igh  a l t i t u d e  sampling and descent  
t i m e  requirements.  
geometry t o  enable  h igh  ra te  s u r f a c e  imaging and d e f i n e s  some of t h e  
cons ide ra t ions  of sur f  ace s u r v i v a l .  
It a l s o  descr ibes  t h e  s e l e c t i o n  of P robe /Car r i e r  r e l a y  
S e c t i o n  3 d e s c r i b e s  t h e  d e r i v a t i o n  of a base l ine  d e c e l e r a t o r  design.  
Entry thermodynamics a n a l y s i s  determines t h e  d e c e l e r a t o r  materials and th i ckness  
and aerodynamic s t a b i l i t y  c o n s t r a i n s  t h e  shape. 
t h e  parachute  is included in t h e  d e c e l e r a t o r  s e c t i o n .  
For purposes of t h i s  s tudy ,  
S e c t i o n  4 d e r i v e s  t h e  b a s e l i n e  Descent Module design.  Tradeoffs  r e s u l t  in 
a n  i n t e g r a t e d  descent  module/decelerator  nose wi th  a f t  s epa ra t ion  of t h e  s k i r t  
by d i f f e r e n t i a l  drag.  Some subsystems r e t a i n  G a l i l e o  technology. The most 
s i g n i f i c a n t  advancement from previous probe technology is t h e  Command/Data sub- 
system r e f l e c t i n g  t h e  much h igher  data  ra te  and increased  emphasis on redundancy. 
S e c t i o n  5 desc r ibes  t h e  elements of t h e  Probe System l e f t  on t h e  Carrier 
a f t e r  sepa ra t ion .  These inc lude  t h e  s e p a r a r a t i o n  hardware, a s imple t h r e e  
sp r ing  s imultaneous s p i n / e j e c t  mechanism, and t h e  r a d i o  r e l a y  hardware, a 
BPSK r e c e i v e r  and antenna. 
F i n a l l y ,  s e c t i o n  6 summarizes t h e  s tudy results. 
The fol lowing i n d i v i d u a l s  are respons ib le  f o r  t h e  p repa ra t ion  of t h i s  
f i n a l  r e p o r t .  We a l s o  acknowledge t h e  s tudy  c o n t r i b u t i o n s  of our subsystem 
spec ia l i s t s ,  of our subcon t rac t c r ,  genera l  Electric Re-entry Systems 
Organiza t ion ,  under t h e  management of Dwight F lorence ,  and of t h e  NASA c o n t r a c t  
monitor f o r  t h i s  s tudy ,  Byron L. Swenson of NASA A m e s  Research Center ,  Moffet t  
F i e l d ,  CA. F i n a l l y ,  we acknowledge the suppor t  of our s e c r e t a r y ,  Donna W i l l i a m s ,  
who typed and assembled t h i s  r e p o r t .  
Doug Bernard 
Todd Ci t ron  
Bob Drean 
S c o t t  Lewis  
Martin Lo 
John McCarthy 
Robert  Soderblom 
Dave S t e f f y  
Tina  Vargas 


















c3 z e U a 























L3 z 2i 



















































LL z E W x 




I- oz I- 
O 
I- 
CI w c 
v) cr: 
W > 


















































clc CA w 














































































































2. MISSION ANALYSIS 
Table 2.-1 l ists  the  major assumptions made i n  performing t h e  mission 
t r a d e o f f s  descr ibed  i n  t h e  following s e c t i o n s .  The approach v e l o c i t y  of 
6.5 km/sec assumes t h e  C a r r i e r  is i n  o r b i t  about Sa turn  p r i o r  t o  probe release. 
There i s  cons iderable  f l e x i b i l i t y  i n  Probe t a r g e t i n g  and Carrier f lyby  
geometry. F igures  2.-1 and -2 show t h e  o v e r a l l P r o b e / C a r r i e r  geometry f o r  
a set  of r e p r e s e n t a t i v e  condi t ions .  Tradeoffs  have demonstrated small 
s e n s i t i v i t y  t o  t h e s e  c h a r a c t e r i s t i c s .  Two model atmospheres were used f o r  
t h i s  a n a l y s i s ,  a model by Hunten, 1982 and a model by Lindal ,  1983. The 
Hunten model atmosphere w a s  imposed a s  an upper  d e n s i t y  bound. F igure  2.-3 
shows t h e  s l i g h t  o f f s e t  f o r  t h e  Lindal model. 
It  should be noted t h a t  f o r  t h i s  pre l iminary  a n a l y s i s ,  t h e  e f f e c t s  of 
t h e  small  r o t a t i o n  of T i t a n  (approximately 1 deg/hr)  were neglec ted  f o r  
s i m p l i c i t y .  This  assumption was made because t h e  p r e c i s e  azimuth of t h e  
e n t r y  t r a j e c t o r y  r e l a t i v e  t o  t h e  pole of T i t a n  i s  a func t ion  of t h e  mission 
oppor tuni ty ,  t h e  o r b i t  i n c l i n a t i o n  about Sa turn ,  and o t h e r  Sa turn  o r b i t  
mission c h a r a c t e r i s t i c s  which have not been chosen as ye t .  The f i n a l  e n t r y  
t r a j e c t o r y  w i l l  have t o  be appropr i a t e ly  biased t o  account f o r  t h i s  r o t a t i o n ,  
bu t  f o r  t h e  purposes of t h i s  prel iminary a n a l y s i s  of T i t a n  probe charac te r -  
i s t ics ,  t h i s  assumption i s  s u f f i c i e n t l y  accura te .  F i n a l l y ,  no te  t h a t  no 
atmospheric  winds were considered i n  t h e  bulk of t h e  p re sen t  ana lys i s .  This  
assumption was made because a t  t h e  s t a r t  of t h e  s tudy ,  a wind p r o f i l e  f o r  t h e  
c i r c u l a t i o n  of t he  T i t a n  atmosphere had not  been def ined .  Subsequently,  a 
r a t h e r  s t r o n g  zonal  wind p a t t e r n  was def ined  based upon t h e  modelling of 
F l a s a r ,  1981. The r a t h e r  s u b s t a n t i a l  e f f e c t s  of t h a t  wind p r o f i l e  on t h e  
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2.1 Carrier Deflect ion/Coast  
The Probe design i s  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  t i m e  of s e p a r a t i o n  
compared t o  e n t r y .  
i t s  s t a b i l i t y  i s  not  a cr i t ical  f a c t o r  s i n c e  the  Probe sequence resets based 
on d i r e c t  measurement of e n t r y  by a c c e l e r a t i o n  switches.  
does have an e f f e c t  on t h e  Carrier s i n c e  t h e  Carrier r e t a r g e t i n g  maneuver 
( t o  p o s i t i o n  t h e  C a r r i e r  f o r  f l yby  and communications r e l a y )  is  l a r g e r  f o r  
later sepa ra t ion ,  ( s e e  f i g u r e  2.1-1). 
however, as t h e r e  must be t i m e  for o r b i t  de te rmina t ion  a f t e r  t h e  f i n a l  Carrier 
o r b i t  c o r r e c t i o n  maneuver a t  about E-20 days. The f i g u r e  shows a modest 
pena l ty  for delay ing  t h e  C a r r i e r  an a d d i t i o n a l  20 t o  40 minutes over  t h e  
nominal 3 hour delay.  
The coas t  timer imposes a very small b a t t e r y  d r a i n  and 
The sepa ra t ion  t i m e  
Separa t ion  can not  be too  e a r l y ,  
Carrier phasing i s  def ined  i n  s e c t i o n  2.4 
Probe e n t r y  angle  i s  not  c r i t i c a l l y  s e n s i t i v e  t o  Carrier o r b i t  de te rmina t ion .  
F igure  2.1-2 shows a t a r g e t  p lane  error of 100 KM r e s u l t s  i n  less than  2 O  path  
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Although s t e e p  e n t r y  pa th  angles  impose a g r e a t e r  d e c e l e r a t i o n  load 
than  sha l low e n t r y  pa th  ang le s ,  f i g u r e  2.2-1 i n d i c a t e s  t h a t  t h e  worst  
case d e c e l e r a t i o n  load a t  a -90° path ang le  of 20 gE is s t i l l  very benign 
and comparable t o  t h e  launch load  environment. F igu res  2.2-2 and -3 show t h e  
t i m e  v a r i a t i o n  of s e v e r a l  key t r a j e c t o r y  parameters  du r ing  e n t r y  f o r  
e n t r y  ang le s  of -4OO and -90°, r e spec t ive ly .  
The e n t r y  pa th  angle  a l s o  has an  i n f l u e n c e  upon t h e  a l t i t u d e  where 
subsonic  speeds are reached. Figure 2.2-4 shows t h a t  t h e  b a s e l i n e  probe 
des ign  wi th  a b a l l i s t i c  c o e f f i c i e n t  of 14.49 Kg/m2 a Mach number of u n i t y  
a t  190 KM. It is  n o t  easy  t o  inc rease  t h e  a l t i t u d e .  As shown, a 10% 
l a r g e r  probe diameter  ( a s  could be r e a l i z e d  through a complex deployment) 
on ly  adds an a d d i t i o n a l  10 KM to  the  s o n i c  a l t i t u d e .  Shallow pa th  a n g l e s  
o f f e r  somewhat g r e a t e r  performance. A t  a p r a c t i c a l  communication l i m i t  
(i.e. 70° probe a spec t  angle) the r e s u l t a n t  - 3 5 O  e n t r y  pa th  angle adds 35 
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2 . 3  Descent 
The diameter  of the  parachute  i s  the  p r i n c i p a l  parameter t o  a d j u s t  t h e  
descent  t i m e  from parachute  deployment t o  impact. F igure  2.3-1 shows t h a t  a 
3.13  M diameter  parachute  g ives  the des i r ed  nominal 3 hour descent .  F igure  
2.3-2 shows t h e  corresponding descent  v e l o c i t y  p r o f i l e s .  Small parachutes  
(e.g. 2m diameter ) ,  r e s u l t  in an  i n i t i a l  speed-up s i n c e  they have less drag 
than t h e  d e c e l e r a t o r .  The descent  time can no t  be e x a c t l y  con t ro l l ed  due t o  
va r ious  u n c e r t a i n t i e s .  The t o t a l  unce r t a in ty  i s  important  t o  t h e  r e l a y  
communication a n a l y s i s  as descr ibed i n  t h e  next  s ec t ion .  Table  2.3-1 shows 
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2.4 Relay Communications 
Probe communication t o  t h e  Car r i e r  has  two b a s i c  phases. The i n i t i a l  
phase i s  cha rac t e r i zed  by a low r a t e  of 100 bps t o  suppor t  b a s i c  a tmospheric  
s t r u c t u r e  and composition measurements. Th i s  phase does not  c r i t i c a l l y  s i z e  
t h e  l i n k .  The second phase requi res  a much h igher  r a t e  of 10,000 bps t o  
s a t i s f y  su r face  imaging. The mission parameters a f f e c t i n g  t h e  l i n k  inc lude  
t h e  Probe e n t r y  t r a j e c t o r y  and t h e  Carrier f lyby  t r a j e c t o r y  (i.e. p e r i a p s i s  
a l t i t u d e  and phasing) which i n  t u r n  determine Probe aspect angle ,  Carrier 
aspect angle ,  and doppler  frequency s h i f t  and rate. Hardware v a r i a b l e s  
inc lud ing  t r a n s m i t t e r  power, probe antenna s i z e ,  r ece ive  antenna s i z e  and 
po in t ing  mechanization, and modulation type combine wi th  t h e  mission para- 
meters t o  determine l i n k  margin, Eb/No as shown schemat ica l ly  i n  f i g u r e  
2 -4-1. 
Figure  2.4-3 d e f i n e s  the  communications aspect angles .  S ince  t h e  exac t  
mission d a t e  is  no t  y e t  def ined ,  the Carrier a t t i t u d e  (Ea r th  o r i en ted )  i s  n o t  
known. Therefore ,  Carrier a spec t  angles r e f e r  t o  t h e  d i r e c t i o n  of approach 
ve l0  c i  t y . 
Figure  2.4-4 f u r t h e r  d e f i n e s  t h e  Carrier communications angles .  The 
key performance f a c t o r  depends on t h e  o f f s e t  of the r e c e i v e  antenna bo res igh t  
( look  angle) and Probe l i n e  of s igh t  (Carrier aspect angle) .  This  o f f s e t  
(communications angle)  i s  nominally zero  (wi th  a 2 O  po in t ing  e r r o r )  i f  t h e  
r e c e i v e  antenna i s  mechanized t o  t rack  t h e  probe. 
For  purposes of t h i s  a n a l y s i s ,  t h e  mission parameters g iven  i n  Table  2.-1 
w i l l  be assumed toge the r  with t h e  following c o n s t r a i n t s  
2.5W t r a n s m i t t e r  power 
S-band frequency (2295 MHz) 
10,000 bps 
F igu re  2.4-5 d e p i c t s  t h e  t i m e  v a r i a t i o n  of Probe aspec t  angle dur ing  descent  
f o r  s e v e r a l  e n t r y  angles .  As shown t h i s  angle  begins  a t  a nominal va lue  which is 
o f f s e t  most -from l o c a l  v e r t i c a l ,  fo r  shal low pa th  angles .  As t h e  Carrier f l i e s  
overhead, t h i s  ang le  quick ly  goes through zero  and then  exceeds a va lue  of 90° as 
t h e  C a r r i e r  passes  over  t h e  l o c a l  horizon. By ar ranging  f o r  Probe impact some 30 
n i n u t e s  o r  more before  C a r r i e r  p e r i a p s i s ,  t h e  Probe antenna beamwidth depends 
on ly  on the  e n t r y  pa th  angle .  
d e n t l y  of any communications performance cons ide ra t ions ,  two r e p r e s e n t a t i v e  e n t r y  
cond i t ions  and a s soc ia t ed  Probe antenna beamwidths have been s tud ied  as ind ica t ed  
i n  Table  2.6-1. 
Since e n t r y  pa th  ang le  may be s e l e c t e d  indepen- 
The f i r s t  c o n s t r a i n t  imposed on t h e  communications r e l a y  i s  t h a t  a l l  l i n e s  
of s i g h t  f a l l  w i th in  antenna 4 dB cutoff  po in ts .  Table  2.4-2 summarizes t h e  key 
c h a r a c t e r i s t i c s  of a l l  considered Probe and Carrier antennas.  F igure  2.4-6 shows 
t h e  e f f e c t  of t h e  cu tof f  €or  t h e  t w o  r e p r e s e n t a t i v e  missions and as a func t ion  of 
Carrier p e r i a p s i s  a t t i t u d e .  The lower l i m i t  p e r i a p s i s  a l t i t u d e  1000 km i s  
s e l e c t e d  s i n c e  it al lows t h e  la tes t  communications before  c u t o f f .  
A second c o n s t r a i n t  involves  doppler s h i f t  o r  rate, t h e  exac t  l i m i t  depend- 
ing  on t h e  modulation technique ( see  s e c t i o n  5.3). For a BPSK r e c e i v e r ,  t h e  
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doppler  ra te  must be less than  2 H z / s e c  ( 2 n d  orde r  t r ack ing  loop) and 
110 Hz/sec (3rd  o rde r  loop) .  A s  shown i n  f i g u r e  2.4-7, t h i s  a l s o  r e q u i r e s  
t a r g e t i n g  such t h a t  t h e  Probe impact is  a t  least  30 minutes before  Carrier 
p e r i a p s i s .  An FSK r e c e i v e r  i s  s e n s i t i v e  t o  doppler  s h i f t .  F igure  2.4-8 
shows t h a t  a t y p i c a l  5 kHz f i l t e r  also is c o n s i s t e n t  with about 30 minutes 
of phasing. 
A t h i r d  c o n s t r a i n t  comes from t h e  r ece ive  antenna geometry i f  t he  
antenna i s  no t  f r e e  t o  t r a c k  t h e  pred ic ted  Probe loca t ion .  I f  t h e  r ece ive  
antenna i s  pos i t ioned  f o r  no nominal o f f s e t  a t  t h e  s t a r t  of Probe descent ,  
t h e  4 dB cutof f  r e q u i r e s  a minimum phasing l i m i t  of 30 t o  45 minutes  as  
shown i n  f i g u r e  2.4-9. 
Table  2.4-3 summarizes t h e  phasing c o n s t r a i n t s  r e s u l t i n g  from t h e  above 
cons ide ra t ions .  A s  shown, the  base l ine  des ign  (i.e. s t e e p  probe e n t r y ,  BPSK 
2nd o r d e r  loop r e c e i v e r ,  and a pointed r ece ive  antenna) r e q u i r e s  a minimum 
phasing of 40 minutes .  
The f i n a l  measure of performance i s  t h e  l i n k  margin which v a r i e s  w i th  
range and communications angles .  Figure 2.4-10 shows f o r  t h e  shal low e n t r y  
case (i .e.  case 1) a s h o r t  t i m e  where 10,000 bps can be supported.  F igure  
2.4-11 shows t h e  much longer  h igh  r a t e  communications t i m e  is  a v a i l a b l e  f o r  
t h e  s t e e p  e n t r y  case.  
T h i s  c h a r a c t e r i s t i c  t i m e  provides a bench mark t o  compare t h e  va r ious  
f a c t o r s  i n  t h e  communications t r adeof f .  Table  2.4-4 shows t h e  maximum t i m e  
where 10,000 bps can be supported (cons ider ing  a l l  t h e  c o n s t r a i n t s  and l i n k  
margin) as a func t ion  of Probe en t ry  ang le  and antenna diameter  (Case 1 
and 2 ) ,  pointed o r  f ixed  C a r r i e r  antenna, C a r r i e r  antenna s i z e ,  and Probe 
communications modulation technique. As noted t h e  minimum des i r ed  t i m e  is 
70 minutes t o  account f o r  t iming unce r t a in ty  (see s e c t i o n  2.3) and a minimum 
10 KM descent  a t  10,000 bps. The 145 minutes provided by t h e  b a s e l i n e  
des ign  has ample margin. 
i n  t h e  wind environment ( s e e  next  s ec t ion ) .  
Th i s  margin is requi red  t o  account f o r  u n c e r t a i n t i e s  
Wind E f f e c t s  
A f t e r  completion of t h e  preceding mission a n a l y s i s  a wind model has  been 
suggested which s i g n i f i c a n t l y  a l t e r s  t h e  q u a n t i t a t i v e  r e s u l t s ,  but  does n o t  
s i g n i f i c a n t l y  a l t e r  any conclusions.  To ensure  t h e  fundamental v a l i d i t y . o f  t h e  
ana lyses ,  a b r i e f  examination w a s  made of t h e  impact of t h e  wind model. F igure  
2.4-12 shows t h e  wind v e l o c i t i e s  experienced by t h e  Probe as a func t ion  of t i m e  
f o r  t h e  3 hour descent .  For t h i s  prel iminary s tudy ,  an  a n a l y s i s  has  been made 
of t h e  e f f e c t  of t h e  Probe ho r i zon ta l  motion due t o  t h i s  wind on t h e  Probe 
p o s i t i o n  and t h e  increased  Probe communication angle  due t o  t h e  r o t a t i o n  of 
T i t a n  about i t s  ax i s .  The modeling d i d  not  i nc lude  any a t t i t u d e  o f f s e t  due t o  
wind shear .  F igure  2.4-13 shows t h e  Probe long i tude  rotat i ton due t o  t h e  wind. 
The c o n t r i b u t i o n  of T i t a n  r o t a t i o n  is a l s o  shown. The wind model r e s u l t s  i n  a 
296 KM s h i f t  of probe impact s i t e  compared t o  no wind. This  motion r e s u l t s  i n  
change i n  t h e  communication angle  p r o f i l e  as shown i n  f i g u r e s  2.4-14 through -16. 
The Probe a spec t  angle  exceeds t h e  +11.40° cu to f f  of t h e  previous b a s e l i n e  
thereby  r e q u i r i n g  a broader  Probe a i t enna  beamwidth. 
matches the  new geometry. Table  2.4-5 l ists  t h e  a p p r o p r i a t e  Prob; antenna 
c h a r a c t e r i s t i c s .  
As shown a +13.7O cu to f f  
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Figure  2.4-17 shows t h e  e f f e c t  t h e  hroader  Probe antenna has  i f  t h e r e  
i s  no wind. The t i m e  where t h e  l i n k  margin exceeds t h e  4 .8  dB BPSK th resho ld  
dec reases  from 145 minutes  t o  125 minutes. F igure  2.4-18 shows t h e  perfor-  
mance wi th  wind. Whereas t h e  previous Probe antenna would have a s i g n i f i c a n t  
d a t a  outage where t h e  communications angle  exceeds the  4 dB c u t o f f ,  t h e  new 
antenna would suppor t  t h e  100 bps and 10,000 bps phases  wi th  t h e  l a te r  h igh  
rate phase allowed f o r  87 minutes.  
I n  t h e  f i r s t  a n a l y s i s ,  T i t a n  r o t a t i o n  i s  ignored. Now, coupled w i t h  
t h e  wind, t h e  r o t a t i o n  mst be considered. Table  2.4-6 lists t h e  va r ious  
performance f a c t o r s .  With r o t a t i o n ,  t h e  high r a t e  t i m e  becomes 7 5  minutes ,  
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2.5 Surf ace Surv iva l  
Approach 
For  t h e  purposes of t h i s  s tudy ,  t h e  fol lowing approach was adapted t o  
determine requirements  f o r  su r face  su rv iva l  and ope ra t ion  f o r  a per iod of 
10-20 minutes. F i r s t ,  t h e  b a s e l i n e  design w a s  developed without  imposing 
s u r f a c e  s u r v i v a l  requirements.  Second, an assessment of t h e  s u r v i v a l  
p o t e n t i a l  of t h e  base l ine  des ign  w a s  made and problem areas were i d e n t i f i e d .  
F i n a l l y ,  des ign  modi f ica t ions  were conceived t o  enhance t h e  s u r v i v a l  p o t e n t i a l  
of t h e  Probe. Since t h e  s t a t e  of the  s u r f a c e  is  unknown, both l i q u i d  and 
s o l i d  s u r f a c e s  have been considered.  
S p e c i f i c  concerns f a l l  i n t o  three  c l a s s e s .  The f i r s t  c l a s s  inc ludes  
ques t ions  about t h e  Probe ' s  a b i l i L y  ir, su rv ive  the  shock of impact. The second 
class addresses  t h e  problems of opera t ing  on t h e  su r face ,  inc luding  thermal 
c o n t r o l ,  power a v a i l a b i l i t y ,  and probe buoyancy. The f i n a l  class inc ludes  t h e  
v a r i o u s  problems a s soc ia t ed  wi th  maintaining communications w i t h  the  Carrier. 
Surface  Conditions 
A t  p re sen t ,  t h e r e  are c o n f l i c t i n g  t h e o r i e s  of t h e  na tu re  of T i t a n ' s  
su r f ace .  I f  s o l i d ,  t h e  s u r f a c e  is expected t o  c o n s i s t  of a mix of ices and 
c l a t h r a t e s .  I f  l i q u i d ,  p re sen t  t heo r i e s  p r e d i c t  a g l o b a l  ocean of l i q u i d  
e thane  mixed with some l i q u i d  methane and l i q u i d  n i t rogen  (Lunine 1983). 
The es t imated  d e n s i t y  of t h e  e thane  ocean i s  0.61 g ~ m ' ~ ,  and t h e  es t imated  
depth i s  1 km. 
Based on Voyager measurements, a s u r f a c e  temperature  of approximately 
According ta t he  Conrath model (Conrath 1985), 
95K, s u r f a c e  pressure  of 1.5 t o  1.6 bars ,  and composition p r imar i ly  of diatomic 
n i t r o g e n  (N2) i s  expected. 
t h e r e  is no wind a t  t h e  s u r f a c e  although wind p r o f i l e s  (descr ibed  i n  s e c t i o n  
2.4)  i n d i c a t e  t h e  p o s s i b i l i t y  of non zero s u r f a c e  wind. 
Science requirements  f o r  sur face  ope ra t ion  are not  s p e c i f i e d  a t  present .  
There is some i n t e r e s t  i n  ob ta in ing  samples of t h e  s u r f a c e  f o r  chemical 
a n a l y s i s .  
t h e  probe t o  provide an e a s i l y  i n t e r p r e t e d  d e c e l e r a t i o n  s i g n a l  a t  impact. . 
I n  add i t ion ,  it may be worthwhile t o  deploy a sp ike  forward of 
For t h e  purposes of t h i s  s tudy,  no s p e c i a l  s c i ence  requirements  have 
been assumed. However, some of t h e  d i f f i c u l t i e s  of u s ing  t h e  e x i s t i n g  
science complement on t h e  su r face  have been i d e n t i f i e d .  
Surviving Impact 
A s  shown i n  F igure  2.5-1, t h e  probe's impact v e l o c f t y  (wi thout  winds) 
v a r i e s  from 5.7 m sec'l ( f o r  a two hour descent )  t o  2.9 m sec'l ( f o r  a fou r  
hour descent ) .  To g ive  an i n t u i t i v e  f e e l ,  F igure  2.5-2 expresses  t h e s e  impact 
v e l o c i t i e s  i n  terms of t h e  he ight  from which t h e  probe would have t o  be 
dropped on Ear th  t o  reach the  same speed. 
he igh t  is 1.7m. 
The worst  case equiva len t  drop  
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The base l ine  des ign  has  a spec ia l  bery l l ium nosecap about 1 c m  th i ck .  
Dropped from a he igh t  of 1.7 m, t h i s  nose i s  u n l i k e l y  t o  crush. However, t h e  
impact load i s  l i k e l y  t o  exceed t h e  Probe s t r u c t u r e  c a p a b i l i t i e s  s i n c e  i t  i s  
s i z e d  f o r  r e l a t i v e l y  low loads  (20 g ' s  o r  less  a t  launch and upon e n t r y ) .  
The d e t a i l s  of t h e  impact, e i t h e r  i n  l i q u i d  o r  on a s o l i d ,  are d i f f i c u l t  t o  
analyze.  For example, the  low v e l o c i t i e s  involved are o u t s i d e  t h e  range of 
v a l i d i t y  f o r  empi r i ca l  equat ions  f o r  s o l i d  s u r f a c e  pene t r a to r s .  
t h e  amount of energy d i s s i p a t e d  i n  sp lash ing  down i n  a l i q u i d  i s  comparable t o  
t h e  t o t a l  irnpact energy of t h e  probe, so one must develop a method of analyzing 
t h e  complex behavior  of t h e  sp l a sh .  For t h e s e  reasons  and t h e  r e sources  ava i l -  
a b l e  f o r  t h i s  s tudy ,  no a t tempt  w a s  made t o  p r e d i c t  t r a n s i e n t  landing  loads.  
Furthermore,  
A pure ly  kinematic  approach t o  t h e  problem y i e l d s  i n t e r e s t i n g  r e s u l t s .  
I f  t h e  d e c e l e r a t i o n  is  l i m i t e d  t o  t h e  20 g e n t r y  load  
Figure  2.5-3 shows t h e  relaticr,  b? twnx  impact v e l o c i t y ,  s topping  d i s t a n c e ,  and 
average d e c e l e r a t i o n .  
va lue  and t h e  descent  t i m e  i s  two hours, t hen  t h e  probe must somehow be stopped 
over  a d i s t a n c e  of no less  than  8 cm. I n  p r i n c i p l e ,  t h e  s topping  d i s t a n c e  can 
be c o n t r o l l e d  by t h e  u s e  of crushable  materials o r  perhaps sp ikes .  To accommo- 
d a t e  a two hour descen t ,  a t  least  8 cm of c rushable  m a t e r i a l  i s  needed. For 
longe r  descen t s ,  t h e  c rushable  l a y e r  can be th inner .  
Winds a t  t h e  s u r f a c e  have two e f f e c t s  upon these  r e s u l t s .  F i r s t ,  t h e  probe 
has  a t r a n s v e r s e  v e l o c i t y  a t  impact. Although t h e  Conrath model of Reference 3 
p r e d i c t s  ze ro  wind a t  t h e  s u r f a c e ,  the  wind a t  5 km is 12 m sec-1, which i s  
twice as l a r g e  as t h e  wors t  case v e r t i c a l  impact v e l o c i t y .  
v e c t o r  would be s u b s t a n t i a l l y  r o t a t e d  from t h e  v e r t i c a l ,  implying t h a t  t h e  
loads  might be s h i f t e d  from t h e  r e l a t i v e l y  s t rong  nose t o  t h e  weaker probe s i d e  
wa l l s .  Second, wind s h e a r  may induce pendulum-like motions,  c o n t r i b u t i n g  
ano the r  component of t r a n s v e r s e  v e l o c i t y  a t  impact. Fu r the r  s tudy  of s u r f a c e  
s u r v i v a l  r e q u i r e s  a n  upper l i m i t  on d n d  v e l o c i t y  a t  t h e  su r face .  
The n e t  v e l o c i t y  
Opera t ing  on t h e  Surf ace 
The f i r s t  ques t ion  t o  a sk  about s u r v i v a l  on an  ocean i s  whether o r  no t  
t h e  probe w i l l  f l o a t .  A s  long a s  the probe does no t  l e a k  and t h e  probe 's  mean 
d e n s i t y  i s  less than t h a t  of t h e  l i q u i d ,  i t  w i l l  f l o a t .  The f i r s t  cond i t ion  i s  
v i o l a t e d  i n  the  b a s e l i n e  des ign ,  which i s  vented t o  t h e  atmosphere. Assuming 
t h a t  t h e  probe i s  made l eak - t igh t ,  then t h e  probe w i l l  f l o a t ,  because t h e .  
cm3) i s  apprec iab ly  less than  t h e  d e n s i t y  of t h e  e thane  ocean and of t h e  o t h e r  
cand ida te  s u r f a c e  l i q u i d s  l i s t e d  i n  Table 2.5-1. I n  f a c t ,  a s  shown i n  F igure  
2.5-4, t h e  probe w i l l  f l o a t  wi th  roughly ha l f  of i t s  volume out  of t h e  l i q u i d .  
p robe ' s  mean d e n s i t y  of 0.35 g ~ m ' ~  (probe mass of 105 kg, volume of 302 x 10 3 
Table 2.5-1 
D e n s i t i e s  of Candidate Liquids  on T i t a n  








Another concern i s  probe s t a b i l i t y  on t h e  l i q u i d  sur face .  To prevent  
t h e  probe from f l o a t i n g  ups ide  down, t h e  c e n t e r  of g r a v i t y  must be kept  below 
t h e  c e n t e r  of buoyancy. Although d e t a i l e d  mass p r o p e r t i e s  are unava i l ab le  a t  
p r e s e n t ,  t he  b a s e l i n e  conf igu ra t ion  appears t o  s a t i s f y  t h i s  requirement.  
I n  t h e  b a s e l i n e  des ign ,  t h e  outer  probe s u r f a c e s  are w i t h i n  a few 
degrees  of t h e  atmospheric temperature dur ing  t h e  descent .  The i n s u l a t i o n  
conta ined  w i t h i n  t h e  probe i t s e l f  con t ro l s  t h e  environment of t h e  u n i t s  and 
main ta ins  a l a r g e  temperature  d i f€e rence  between t h e  u n i t s  and t h e  o u t s i d e  
world. The atmosphere does l e a k  i n t o  t h e  vented u n i t s ,  bu t  w i th  l i m i t e d  
convec t ion  i t  qu ick ly  w a r m s  up. The small h e a t  c a p a c i t y  of t h e  vented atmos- 
phere has  a n e g l i g i b l e  cool ing  e f f e c t  on t h e  u n i t s .  
When t h e  probe l ands ,  t h i s  s i t u a t i o n  is b a s i c a l l y  unchanged. The 
P robe ' s  e x t e r i o r  temperature  does not change s i g n i f i c a n t l y ,  and t h e  i n s u l a t i o n  
con t inues  t o  maintain t h e  proper environment. One can then e x t r a p o l a t e  t h e  
tempera ture  p r e d i c t i o n s  f o r  t h e  base l ine  des ign .  A t  t h e  end of t h e  mission,  
t h e  t i m e  rate of change of temperature i s  approximately -2 degrees  C per  hour,  
so an  e x t r a  20 minutes of s u r f a c e  opera t ion  w i l l  on ly  lower t h e  bulk Probe 
tempera ture  by 0.7 degrees  C. 
The above argument presupposes t h a t  t h e  Probe s t a y s  "dry", t h a t  i s ,  t h a t  
no s i g n i f i c a n t  amount of l i q u i d  g e t s  i n t o  t h e  i n t e r i o r  of t h e  probe. For a 
vented des ign ,  i t  is l i k e l y  t h a t  t h i s  cond i t ion  w i l l  be v i o l a t e d ,  l ead ing  t o  
s e v e r a l  undes i r ab le  e f f e c t s .  F i r s t ,  t h e  i n s u l a t i o n  w i l l  coo l ,  b r ing ing  t h e  
co ld  s u r f a c e  c l o s e r  t o  t h e  u n i t s .  The r e s u l t i n g  h e a t  l o s s  rate i s  much h igher  
than quoted above. Furthermore,  t h e  l i q u i d  w i l l  vapor ize ,  f u r t h e r  coo l ing  t h e  
u n i t s  through hea t  of vapor i za t ion  e f f e c t s .  I n  a d d i t i o n ,  t h e  vaporized l i q u i d  
w i l l  gene ra t e  p re s su re  wi th  e f f e c t s  d i i :+cul t  t o  p r e d i c t .  
a l eak - t igh t  probe i s  very  d e s i r a b l e  f o r  thermal  con t ro l .  
For a l l  t h e s e  reasons ,  
I n  t h e  b a s e l i n e  des ign ,  fou r  l i t h ium b a t t e r y  modules supply power. For  
a th ree  hour descent ,  t h e  dep th  of d ischarge  a t  impact is  67% (based upon a 
conse rva t ive  d e r a t i n g  of b a t t e r y  capac i ty) .  
i s  es t imated  a t  98%, l eav ing  a margin of 31%. A s  shown i n  F igure  2.5-5, t h i s  
margin i s  equ iva len t  t o  106 minutes of o p e r a t i o n  a f t e r  landing.  
The l i m i t  on depth of d i scha rge  
The b a s e l i n e  probe des ign  provides i n l e t s  f o r  s evea l  of t h e  sc i ence  
ins t ruments .  Some of those  i n l e t s  a r e  i n  danger of be ing  plugged or  broken 
du r ing  landing.  Should s u r f a c e  su rv iva l  become a hard requirement ,  ins t rument  
accommodation w i l l  have t o  be reviewed c a r e f u l l y  t o  prevent  t hese  problems. 
Maintaining Communications wi th  Carrier 
To maximize communications time a t  t h e  h ighe r  d a t a  rate,  t h e  optimnm 
Probe landing  t i m e  i s  as l a t e  as poss ib l e  i n  t h e  mission sequence. 
t h e  nominal landing  t i m e  must be earlier than  t h i s  optimum t o  ensure  t h a t  t h e  
probe reaches t h e  s u r f a c e  before  t h e  l i n k  d e t e r i o r a t e s  i f  t h e r e  are errors from 
t h e  t a r g e t  plan.  A pre l iminary  e r r o r  a n a l y s i s  i n d i c a t e s  t h a t  t h e  nominal 
landing  t i m e  w i l l  be 15 minutes e a r l i e r  than  optimum. Hence, i f  t h e  descen t  i s  
nominal, t hen  f u l l  communications from t h e  s u r f a c e  w i l l  be a v a i l a b l e  f o r  15 
minutes.  However, i f  communications from t h e  surFace are r equ i r ed  f o r  worst  
case slow descen t s ,  t hen  t h e  nominal probe landing  must be pushed back even 
However, 
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ear l ie r  i n  t h e  sequence, reducing the  du ra t ion  of high d a t a  ra te  communications 
i n  t h e  atmosphere. 
Excessive probe t i l t i n g  w i l l  degrade t h e  communications l i n k .  A wide beam- 
width probe antenna m i t i g a t e s  but  does no t  e l i m i n a t e  t h e  problem. The presence 
of s u r f a c e  winds w i l l  f avo r  j e t t i s o n i n g  t h e  parachute  and raises concerns about 
t h e  e f f e c t s  of ocean waves on t h e  Probe 's  a t t i t u d e .  I f  t h e  Probe l ands  on a s o l i d  
s u r f a c e ,  s t a b i l i z i n g  l e g s  may be required t o  main ta in  s u i t a b l e  antenna geometry. 
The s u r v i v a l  of t h e  Probe ' s  antenna is another  concern.  Since t h e  d i e l e c t r i c  
p r o p e r t i e s  of t h e  s u r f a c e  are unknown, t h e r e  is a r i s k  of RF abso rp t ion  o r  elec- 
t r i c a l  s h o r t i n g  i f  l i q u i d  o r  snow ge t s  i n t o  t h e  antenna. Some s o r t  of RF t r ans -  
pa ren t  housing may be requi red .  
Conclusions 
S ince  t h e  probe s t r u c t u r e  is being s i z e d  f o r  e n t r y  and launch loads ,  which 
a r e  20 g ' s  o r  less, t h e r e  is cons iderable  concern about  t h e  probe ' s  a b i l i t y  t o  
su rv ive  impact. Crushable materials may o f f e r  a way of l i m i t i n g  t h e  landing  
loads .  Approximately 8 c m  of c rushable  material w i l l  reduce t h e  load  t o  20 g ' s  
f o r  a worst  case  impact v e l o c i t y .  S u b s t a n t i a l  u n c e r t a i n t i e s  e x i s t  because of 
t h e  u n c e r t a i n t i e s  i n  s u r f a c e  wind speeds. 
Thermal c o n t r o l  and buoyancy cons ide ra t ions  i n d i c a t e  t h a t  t h e  Probe  
des ign  should be modified t o  prevent  l i q u i d  leakage  i f  s u r f a c e  s u r v i v a l  i s  
requi red .  Provid ing  t h i s  is done, the  probe w i l l  f l o a t ,  and t h e  probe temper- 
a t u r e  w i l l  d rop  on ly  0.7 degrees  over a 20 minute per iod.  S u b s t a n t i a l  b a t t e r y  
power margin is a v a i l a b l e .  Science instrument  accommodation w i l l  need f u r t h e r  
review i f  s u r f a c e  ope ra t ion  is required.  
I f  t h e  descent  is nominal, 15 ??inUtes of communications t i m e  w i l l  be 
a v a i l a b l e  from t h e  sur face .  If  communications is r equ i r ed  f o r  worst  case 
cond i t ions ,  t hen  some high d a t a  ra te  communications t i m e  i n  t h e  atmosphere 
must be g iven  up. Concerns about probe t i l t i n g  and antenna s u r v i v a l  w i l l  
r e q u i r e  f u r t h e r  s tudy  i f  s u r f a c e  s u r v i v a l  is requi red .  
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3 .  DECELERATION MIDULE 
The d e c e l e r a t i o n  module c o n s i s t s  of t h e  d e c e l e r a t o r  s k i r t ,  nosecap, and 
parachute .  The s k i r t  slows t h e  probe dur ing  en t ry ;  both i t  and t h e  nosecap 
p r o t e c t  t h e  descent  module from e n t r y  hea t ing .  When t h e  s k i r t  s e p a r a t e s  a t  
subsonic  speed,  i t  e x t r a c t s  t h e  parachute ,  which stows on t h e  a f t  s i d e  of t h e  
descen t  module, t o  provide t h e  co r rec t  descen t  drag.  
6 3  
3.1 Dece lera tor  Configurat ion 
The d e c e l e r a t o r  conf igu ra t ion  s t rong ly  a f fec ts  t h e  e n t r y  b a l l i s t i c  coe f f i -  
c i e n t  and sc i ence  deployment a l t i t u d e .  
l a r g e  a r e a  and t h e  benign hea t ing  allows f l a t t e r  des igns  wi th  h igher  drag co- 
e f f i c i e n t s .  
r e s u l t s  i n  a son ic  a l t i t u d e  of 190 km; ha lv ing  the  c o e f f i c e n t  i n c r e a s e s  t h e  
a l t i t u d e  by about 25 km. 
blunted cones wi th  diameters  of 3.3 m o r  less t o  accommodate t h e  launch envelope 
of t he  S h u t t l e .  
Mild e n t r y  loads  permit des igns  with 
A s  shown i n  Sec t ion  2.2, a b a l l i s t i c  c o e f f i c i e n t  of about 14.5 kg/m2 
The design e f f o r t  has  focussed on 60' sphe r i ca l ly -  
Dece lera tor  Concept 
Both f ixed  and deployable  dece le ra to r  s k i r t s  a l low f i t t i n g  reasonable  drag 
a r e a s  i n  t h e  a v a i l a b l e  envelope on t h e  Carrier. 
l a r g e r  drag area, d e s i r a b l e  because of t h e  corresponding increased  s o n i c  a l t i t u d e .  
However, deployable  des igns  have higher  r i s k  and c o s t .  
more promising umbrel la  and hinged panel deployment concepts  w i th  a f i x e d  s o l i d  
m a t e r i a l  design.  
Deployable des igns  a l low a 
The s tudy  compared t h e  
The umbrel la  des ign  (F igu re  3.1-1) c o n s i s t s  of can t i l eve red  s t r u t s  support-  
i n g  a f l e x i b l e  s k i r t  ma te r i a l .  
meeting a t  a common poin t  and t h e  ma te r i a l  f o l d s  along p l e a t s  much l i k e  a conven- 
t i o n a l  umbrella.  Although f l e x i b l e  ma te r i a l s  e x i s t  t h a t  can p r o t e c t  aga ins t  t h e  
h e a t  loads  of t h e  T i t a n  e n t r y ,  a l l  have s i g n i f i c a n t  i n s u l a t i o n ,  f low-through,  and 
s t r u c t u r a l  problems. Common f a i l u r e s  inc lude  i n t e r n a l  material ab ras ion  and 
burn-through caused by poros i ty .  The deployment of t h e  ma te r i a l  t o  a smooth 
s u r f a c e  fol lowing 9 years  of in-space s t o r a g e  a l s o  poses a des ign  r i s k .  
t h e  performance of t h e  f l e x i b l e  mater io l  a t  low (100 K) temperatures  is not  known. 
For stowage t h e  struts fo ld  toward the  c e n t e r ,  
F i n a l l y ,  
The hinged panel concept,  proposed f o r  t h e  VOIR aerobrake,  avoids  t h e  
matertal problems of t h e  umbrella design (F igu re  3.1-2). 
m u l t i p l e  t r i a n g u l a r  panels  t h a t  approximate the  d e s i r e d  con ica l  shape when de- 
ployed. Hinges along t h e  pane l  edges a l low t h e  d e c e l e r a t o r  t o  f o l d  t o  a star- 
shaped pyramid conf igu ra t ion  f o r  stowage. Because each of t he  pane ls  remains 
f l a t ,  fo ld ing  does not  a f f e c t  the  ma te r i a l  s e l e c t i o n .  Despi te  t h e  number of 
h inges ,  f l o a t i n g  p ins  and s tandard  mechanical des ign  p r a c t i c e s  ensure  r e l i a b l e  
deployment. However, each of t he  hinge l i n e s  must have a s e a l  t o  prevent  
f low-through,  a major des ign  complication. 
The s k i r t  c o n s i s t s  of 
The d e c e l e r a t o r  deployment sequence €o r  e i t h e r  o p t i o n  begins  by r e l e a s i n g  
t h e  stowed members, which al lows c e n t r i f u g a l  f o r c e  t o  deploy t h e  s k i r t .  Dampers 
slow t h e  deployment as the  s t r u t s  reach t h e i r  f i n a l  pos i t i ons .  I f  t h e  spin-to- 
t r a n s v e r s e  i n e r t i a  r a t i o  of a deployable d e c e l e r a t o r  des ign  i s  less than  1.0,  t h e  
d e c e l e r a t o r  deployment and t h e  probe i t s e l f  mus t  meet a d d i t i o n a l  symmetry r equ i r e -  
ments t o  a s s u r e  success fu l  deployment. These requirements  a f f e c t  geometry, probe 
mass p r o p e r t i e s ,  r e l e a s e  times, and the  deployment dampers. 
Although cons t ra ined  t o  a s l i g h t l y  smaller d iameter ,  a f i x e d  d e c e l e r a t o r  
(F igu res  3.1-3 and 3.1-4) e l i m i n a t e s  t h e  c o s t ,  r i s k ,  and complexity of t he  
deployable  des igns .  A honeycomb s t r u c t u r e  covered wi th  thermal p r o t e c t i o n  
m a t e r i a l  forms t h e  s k i r t  po r t ion ,  which s e p a r a t e s  from t h e  nose when t h e  probe 
slows t o  subsonic  speed. 
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. .  
While T i t a n  Probe can u s e  e i t h e r  a f ixed  o r  deployable  d e c e l e r a t o r  s k i r t ,  
t h i s  s tudy  focussed on t h e  f i x e d  design because of i t s  many engineer ing  advan- 
tages .  The s c i e n t i f i c  advantages of t he  s l i g h t l y  h igher  deployment a l t i t u d e  of 
a l a r g e r  diameter  deployable  des ign  comes wi th  increased  des ign  complexity,  
c o s t ,  and mass. 
Envelope 
Although deployable  d e c e l e r a t o r s  of about 3.5 m d iameter  are p o s s i b l e ,  
t h e  Mariner Mark I1 C a r r i e r  envelope c o n s t r a i n s  t h e  f i x e d  d e c e l e r a t o r  t o  about  
a 3 m d iameter ,  as shown i n  F igu res  3.1-5 t o  3.1-8. The probe mounts nose-in 
on t h e  oppos i te  s i d e  of t h e  Carrier from t h e  RTGs, keeping the  c.g. c l o s e  t o  
t h e  Carrier f o r  t h e  s t i f f n e s s - d r i v e n  attachment.  The moderate l e v e l  of e n t r y  
aerodynamic hea t ing  makes pene t r a t ions  of t h e  nose by t h e  at tachments  p r a c t i c a l .  
Allowing 1.5 fn.  c l ea rance  t o  the  JPL-defined f u e l  tanks ,  t h e  175 i n .  
d iameter  Mariner s t a t i c  envelopc cilnp:zains t h e  probe diameter  t o  2.97 m. 
( F i g u r e  3.1-6). Addi t iona l  tank  c l ea rance  reduces t h e  d e c e l e r a t o r  d iameter ,  
a t  least  i n  l o c a l  areas. The l o c a t i o n  of t h e  Carrier t h r u s t e r  o u t r i g g e r s  
provides  more than  45O c lea rance  t o  the edge of t h e  s k i r t .  
Clearance t o  t h e  high g a i n  antenna de termines  t h e  P robe ' s  l o n g i t u d i n a l  
s t a t i o n  on t h e  C a r r i e r  (F igu re  3.1-7). Inc reas ing  t h e  c l ea rance  Forces t h e  
Probe a f t ,  complicat ing t h e  two attachments t o  t h e  equipment bay corners .  
The t h i r d  Probe support  a t t a c h e s  t o  the propuls ion  module bulkhead. Sec t ion  
5 .1  d e s c r i b e s  t h e  i n t e r f a c e  i n  more de t a i l .  
Dece le ra to r  Design and I n t e g r a t i o n  
F igu res  3.1-9 and 3.1-10 show t b e  f i x e d  d e c e l e r a t o r  des ign  and a t t ach -  
ment t o  t h e  descen t  module. A 6 mm th ick  aluminum honeycomb frustum wi th  0.18 
and 0.15 mm f a c e  s h e e t s  r i g i d l y  supports  t h e  thermal p r o t e c t i o n  material. A 
r i n g  a t  t h e  o u t e r  edge of t he  s k i r t  s r i f f e n s  t h e  s t r u c t u r e .  The forward edge 
a t t a c h e s  t o  an i n n e r  box-section t o r s i o n  r i n g  t h a t  surrounds t h e  outboard 
edge of t h e  descen t  module s h e l f  and lies s l i g h t l y  a f t  of i t .  Three b r a c k e t s  
a t t a c h  t h i s  i n n e r  r i n g  t o  t h e  s h e l f .  Locat ing t h e s e  a t t a c h  p o i n t s  a t  t h e  
same angular  p o s i t i o n s  as t h e  Carrier at tachments  t r a n s f e r s  t h e  d e c e l e r a t o r  
launch loads  d i r e c t l y  t o  t h e  Carrier. 
To j e t t i s o n  t h e  d e c e l e r a t o r  s k i r t ,  ful ly-redundant  c u t t e r s  s eve r  t h e  
b o l t s  ho ld ing  t h e  t h r e e  b racke t s  t o  the s h e l f .  D i f f e r e n t i a l  d rag  p u l l s  t h e  
s k i r t  af twards.  The mild e n t r y  loads  a l low t h e  u s e  of e x i s t i n g ,  q u a l i f i e d ,  
dua l  b o l t  c u t t e r s .  Separa t ion  guides  prevent  s k i r t  r o t a t i o n  and ensure  t h a t  
t h e  r i n g  and b racke t s  clear t h e  descent module. 
Table  3.1-1 d e t a i l s  t h e  d e c e l e r a t o r  mass. Th i s  mass r e p r e s e n t s  a con- 
s e r v a t i v e  des ign ,  us ing  aluminum s t r u c t u r e  and main ta in ing  comfortable  thermal  
margins a t  t h e  bond t h a t  a t t a c h e s  the  thermal  material t o  t h e ' d e c e l e r a t o r  
s k i r t .  Fu r the r  a n a l y s i s  can a s s e s s  the  f e a s i b i l i t y  of more a g r e s s i v e  des igns  
t h a t  u s e  higher- temperature  s u b s t r a t e s  and u s e  t h e  t r a n s i e n t  thermal capabi l -  
i t i e s  of t h e  adhesive bond. 
Table  3.1-2 l i s ts  t h e  d e c e l e r a t o r  s t r u c t u r a l  des ign  cons ide ra t ions .  
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Model V e r i f i c a t i o n  
The T i t a n  Probe e n t r y  regime f a l l s  w i t h i n  t h e  range of previously-developed 
models f o r  spher ica l ly-b lunted  cone bodies  used on P ionee r  Venus, G a l i l e o  Probe,  
Viking, and c l a s s i f i e d  missions.  However, much of t h e  e x i s t i n g  d a t a  base 
a p p l i e s  to  e n t r i e s  i n  a i r  o r  o t h e r  atmospheres t h a t  d i f f e r  from T i t a n ' s .  I n  
a d d i t i o n ,  t h e  T i t a n  e n t r y  extends over a longer  than  t y p i c a l  du ra t ion .  
Approximate a n a l y t i c  models e x i s t  f o r  s imula t ing  t h e  aerothermodynamics 
of t h e  T i t a n  e n t r y ,  bu t  they assume the  parameters  of an a i r  atmosphere. 
However, NASA/Langley developed more exac t  e n t r y  models f o r  o u t e r  p l a n e t  probe 
s t u d i e s  which assumed 90% ni t rogenl l0X methane atmospheres,  T i w a r i ,  81. 
Comparison of t h e  a i r  model w i t h  t h e  Langley r e s u l t s  v e r i f i e s  i t s  appl ic -  
a b i l i t y  f o r  t h e  T i t a n  ana lys i s .  
s i m i l a r  hea t ing  rates, wi th  t h e  a i r  model being conse rva t ive  toward t h e  end of 
t h e  6 kmlsec en t ry .  
by less. 
e x i s t i n g  approximate s o l u t i o n s  developed f o r  e n t r i e s  i n  a i r  atmosphere. 
A s  shown i n  F igure  3.2-1, t h e  models p r e d i c t  
E n t r i e s  u s i n g  lower b a l l i s t i c  c o e f f i c i e n t s  should d i f f e r  
Therefore ,  t h e  T i t a n  Probe aerothermodynamics a n a l y s i s  can s a f e l y  u s e  
Entry Heat ing 
F igu re  3.2-2 shows a hea t ing  r a t e  pu l se  f o r  a t y p i c a l  T i t a n  en t ry .  While 
t h e  maximum hea t ing  r a t e  is  low, about 30 BTU/ft2-sec, t h e  r e l a t i v e l y  long  (1C)O 
second) d u r a t i o n  causes  a s i g n i f i c a n t  i n t e g r a t e d  h e a t  load .  
F igu re  3.2-3 shows t h e  dependence C F  t h e  hea t  load  on b a l l i s t i c  c o e f f i c i e n t  
and e n t r y  pa th  angle .  Although steeper t r a j e c t o r i e s  i n c r e a s e  t h e  peak h e a t i n g  
r a t e ,  they  a l l e v i a t e  t h e  i n t e g r a t e d  heat load ,  s impl i fy ing  t h e  h e a t  s h i e l d  and 
i n t e r n a l  i n s u l a t i o n .  S ince  t h e  T i t an  e n t r i e s  present  on ly  mild hea t ing  r a t e s  
which do not  d r i v e  t h e  des ign ,  t h e  thermodynamics f avor  a s t e e p  en t ry .  
Material S e l e c t i o n  
Heat ing rates on t h e  o u t e r  po r t ions  of t h e  d e c e l e r a t o r  dec rease  w i t h  i n c r e a s i n g  
d i s t a n c e  from t h e  nose,  reaching  about 60% of t h e  s t a g n a t i o n  p o i n t  va lues  a t  t h e  
edge of t h e  s k i r t  (F igu re  3.2-4). 
con f igu ra t ion  i n  a i r  and carbon d ioxide  v e r i f i e d  t h e  a n a l y t i c  model used t o  p r e d i c t  
t h e s e  hea t ing  rates. 
Tes t s  performed f o r  t h e  Viking a e r o s h i e l d  
The mild hea t ing  r a t e s  a l low e i t h e r  an  a b l a t i v e  o r  h e a t  s i n k  nose cap des ign  
and do not  r e q u i r e  a b l a t i o n  of t h e  s k i r t  m a t e r i a l  a l though an  a b l a t i v e  s k i r t  
has  been chosen due t o  i t s  minimum mass. Figure  3.2-5 shows t h e  amount of s o l i d  
bery l l ium needed a t  t h e  s t a g n a t i o n  point  f o r  500° and 1000° backface tempera tures  
a s  a f u n c t i o n  of t h e  i n t e g r a t e d  h e a t  load .  Typica l  e n t r i e s  r e q u i r e  1.5 t o  2 c m  
t h i ckness  a t  t h e  s t a g n a t i o n  poin t .  
Although t h e  t h i c k  bery l l ium hea t s ink  nosecap can provide adequate  s tag-  
n a t i o n  po in t  hea t ing  p r o t e c t i o n ,  a t h i n  bery l l ium cap  backed by carbon foam weighs 
less and provides  comparable thermal p r o t e c t i o n  i n  t h e  same volume. F igure  3.2-6 
78 
shows t h e  performance of t h e  carbon foam i n s u l a t i o n  wi th  a 3.7 mm bery l l ium s h e l l .  
With a s h e l l  t h i s  t h i n ,  t h e  s t agna t ion  po in t  temperature  responds r a p i d l y  t o  
t h e  hea t ing  pu l se  (F igure  3.2-71, but t h e  4.9 cm of carbon foam keeps t h e  
i n t e r n a l  temperature  below 450 %. 
The d e c e l e r a t o r  s k i r t  experiences much mi lde r  hea t ing  loads  than  t h e  nose. 
F igure  3.2-8 shows the  demands on heat  p r o t e c t i o n  materials f o r  s e v e r a l  d i f f e r e n t  
e n t r y  missions;  t h e  T i t a n  e n t r y  p laces  minimal demands on t h e  l o w  d e n s i t y  
a b a l a t o r  materials. Use of ESM 1004-X RTV-impregnated q u a r t z  c l o t h ,  a t y p i c a l  
low-density a b l a t o r ,  can adequat ley  p ro tec t  t h e  s k i r t .  F igu res  3.2-9 and 3.2- 
10 show t h e  ESM th ickness  r equ i r ed  to  main ta in  t h e  aluminum s u b s t r a t e  temperature  
below 450 %, account ing f o r  t h e  heat  s ink ing  e f f e c t s  of t h e  s u b s t r a t e .  
3.2-11 shows t h e  response of t h e  s u b s t r a t e  t o  t h e  e n t r y  hea t  pulse.  The ESM 
material, used f o r  backface p ro tec t ion  on many Ear th  r e e n t r y  v e h i c l e s ,  avoids  
t h e  mass and thermal expansion problems of metals. However, t h e  RTV develops  
g l a s s - l i k e  p r o p e r t i e s  a t  low temperatures  t h a t  r e q u i r e  f u r t h e r  s tudy.  
F igure  
In a d d i t i o n  t o  the  p r o t e c t i o n  on t h e  forward s i d e  of t h e  s k i r t ,  t h e  back 
r e q u i r e s  a c loseou t  made of uncompressed L i t a f l e x .  This  c loseou t  l i n e s  t h e  
i n s i d e  of t h e  s k i r t  and covers  t h e  back of t h e  descen t  module. F igure  3.2-12 
shows t h e  r equ i r ed  th ickness .  
Conclusions 
The e x i s t i n g  e n t r y  aerothermodynamics models apply t o  t h e  T i t a n  Probe 
e n t r i e s  and p r e d i c t  mild h e a t i n g  r a t e s .  
long hea t ing  pulse .  Beryll ium proves p r a c t i c a l  for l o c a l  hea t  s i n k s  o r  t h e  
e n t i r e  nosecap; ESM-1004-X material provides adequate  low-mass p r o t e c t i o n  f o r  
t h e  s k i r t .  
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3.3 Aerodynamics 
Ent ry  Analys is  
Using three-degree-of-freedom en t ry  s imula t ion ,  t h e  dynamic p res su re ,  
hea t ing  r a t e ,  d e c e l e r a t i o n  loads ,  and Mach 1 a l t i t u d e  f o r  pa th  angles  from -40 
t o  -90 degrees  and b a l l i s t i c  c o e f f i c i e n t s  from 8 t o  60 kg/m2 have been determined. 
F igure  3.3-1 shows t h e  e f f e c t  of pa th  angle  and b a l l i s t i c  c o e f f i c i e n t  on t h e  
deployment a l t i t u d e  and deployment dynamic pressure .  
from s t r a i g h t - i n  t o  -60° has  a minor e f f e c t  on s o n i c  a l t i t u d e .  
sha l low e n t r i e s  f u r t h e r  r a i s e  t h e  Mach 1 a l t i t u d e ,  they p resen t  communica- 
t i o n s ,  t a r g e t i n g ,  and hea t ing  concerns t h a t  m i t i g a t e  t h i s  advantage. 
Reducing t h e  e n t r y  angle  
Although more 
F igu re  3.3-2 shows t h e  v a r i a t i o n  i n  v e l o c i t y ,  a l t i t u d e ,  dynamic p res su re ,  
and a x i a l  load  dur ing  a t y p i c a l  eu t ry .  Table  3.3-1 summarizes t h e  key parameters 
f o r  e n t r i e s  w i th  f l i g h t  pa th  ang le s  of -45, -60, and -90 degrees:  Sec t ion  2 
d e s c r i b e s  t h e  e n t r y  a n a l y s i s  i n  more d e t a i l .  
Ent ry  Dynamics 
Sepa ra t ion  a n a l y s i s  ( s e c t i o n  5.1) and six degree-of-freedom s imula t ions  
v e r i f y  t h e  proper a t t i t u d e  of t h e  Probe throughout c o a s t  and e n t r y .  
s t a b i l i t y  imparted a t  s e p a r a t i o n  preserves  throughout  coas t  t h e  i n i t i a l  a t t i t u d e  
s e t  by t h e  carrier. 
due t o  s e p a r a t i o n  t i p o f f ,  bu t  small enough t o  
Spin 
The s p i n  ra te  must be l a r g e  enough t o  provide low coning 
1) a l low p r a c t i c a l  gene ra t ion  by a s imple spin-up mechanism 
2) a l low angle  of a t t a c k  convergence by aerodynamic f o r c e s  before  peak 
hea t ing ,  and 
3) g i v e  a n  acceptab ly  small angle  of a t t a c k  a t  t h e  onse t  of t r a n s o n i c  
i n s t a b i l i t y .  
Sec t ion  5.1 d e s c r i b e s  t h e  s e p a r a t i o n  a t t i t u d e  pe r tu rba t ions .  
Aerodynamic f o r c e s  during e n t r y  cause t h e  P robe ' s  i n i t i a l  ang le  of a t t a c k  
t o  converge toward t h e  v e l o c i t y  vec to r  a t  t h e  t i m e  of peak hea t ing .  To f a c i l -  
i t a t e  t h e  process ,  t he  s e p a r a t i o n  a t t i t u d e  of t h e  Carrier p l aces  t h e  Probe i n  
t h i s  nominal Or i en ta t ion .  However, e r r o r s  cause  some misalignment a t  en t ry .  
F igure  3.3-3 shows t h e  a t t i t u d e  convergence f o r  a r b i t r a r y  i n i t i a l  misalignment 
of 6 and 12 degrees ,  s e v e r a l  times l a r g e r  t han  p red ic t ed  va lues .  Although a 
slower s p i n  r a t e  a i d s  t h e  convergence, i n  a l l  cases t h e  ang le  of a t t a c k  dro.ps 
t o  less than  4' befo re  peak hea t ing  occurs. Angles t h i s  s m a l l  do not  a f f e c t  
d e c e l e r a t o r  performance during t h e  heating; l i t t l e  o r  no a b l a t i o n  occurs  dur ing  
t h e  T i t a n  en t ry .  
Aerodynamic f o r c e s  a l s o  cause p o t e n t i a l  r o l l  and t r a n s o n i c  i n s t a b i l i t i e s  
(F igu re  3.3-4). The slow s p i n  rate minimizes t h e  d e s t a b i l i z i n g  r o l l  e f f e c t s ;  
a 10 rpm e n t r y  shows mild divergence i n  ang le  of a t t a c k  a t  a s J l igh t ly  h ighe r  
a l t i t u d e  than  t h e  e n t r y  wi th  a 5 rpm r a t e .  However, t h e  h ighe r  s p i n  rate 
minimizes t h e  e f f e c t  of t r a n s o n i c  i n s t a b i l i t y .  The s imula t ions  show l i t t l e  
angle  of a t t a c k  divergence i n  a l l  t h e  cases  s t u d i e d ,  so s p i n  rates of 5 t o  10 
rpm a r e  acceptab le  f o r  t hese  e n t r i e s .  The f i n a l  choice  of s p i n  r a t e  depends on 
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3.4 S tag ing  and Parachute  
S tag ing  Sequence 
The Probe ' s  angular  momentum during c o a s t  r e t a i n s  t h e  e n t r y  a t t i t u d e  
se t  by t h e  C a r r i e r  a t  s e p a r a t i o n ,  a l ign ing  t h e  s p i n  a x i s  with t h e  v e l o c i t y  
v e c t o r  a t  t h e  expected time of peak heat ing.  Small a t t i t u d e  d e v i a t i o n s  
do no t  a f f e c t  t he  h e a t  s h i e l d  performance; low gyroscopic  s t i f f n e s s  (5  t o  
10 rpm) ensu res  t h a t  aerodynamic torques cause  t h e  a t t i t u d e  t o  converge 
be fo re  peak hea t ing .  
For  t h e  b a s e l i n e  des ign ,  an i n i t i a l  j e t t i s o n  of t h e  g a s  chromatograph 
i n l e t  plug enables  sampling i n  t h e  t r a n s o n i c  reg ion ,  ( a t  about 191 km 
a l t i t u d e )  immediately fo l lowing  peak hea t ing .  A sequence of s t a g i n g  
even t s  then  exposes t h e  remaining science ins t ruments  t o  T i t a n ' s  atmosphere 
(F igu re  3 . 4 - 1  and 3 . 4 - 2 ) .  Thest events  occur  a f t e r  t h e  Probe slows t o  
subsonic  speed ( a t  about 182 km) t o  avoid t h e  compl ica t ions  of supersonic  
deployments. For t h e  o p t i o n a l  design,  a b a l l a s t e d  nosecap d rops  away 
from t h e  rest of t h e  Probe t o  expose t h e  g a s  chromatograph i n l e t .  
For  e i t h e r  des ign ,  c u t t e r s  sever  t h e  b o l t s  a t t a c h i n g  t h e  d e c e l e r a t o r  
s k i r t  t o  t h e  descen t  module equipment s h e l f .  The lower b a l l i s t i c  coe f f i -  
c i e n t  causes  t h e  s k i r t  t o  f a l l  behind t h e  descent  module. Guides ensure  
s e p a r a t i o n  c learance .  
A s  t h e  s k i r t  f a l l s  behind, i t  p u l l s  a t e t h e r  which e x t r a c t s  t h e  bagged 
parachute  from i t s  housing on t h e  descent  module, deploying t h e  parachute  
b r i d a l  and r i s e r s  and s t r i p p i n g  t h e  bag from t h e  canopy. Because of t h e  
low dynamic p res su re ,  canopy inf la t iu :  t a k e s  longer  than  on t h e  G a l i l e o  
Probe o r  P ionee r  Venus Large Probe, and a n a l y s i s  and s imula t ion  s t u d i e s  are 
r equ i r ed  t o  a s s u r e  l imi t ed  descen t  module a t t i t u d e  excurs ions  before  full 
i n f l a t i o n .  Once t h e  s k i r t  c l e a r s  the descent  module, ins t rument  s enso r s  
deploy f o r  forward view. The opt iona l  des ign  a l lows  a l a r g e r  s k i r t  r i n g  
d iameter  s o  most ins t ruments  can look forward wi thout  deployment. Yowever, 
t he  l a r g e r  r i n g  and at tachment  bracke ts  r equ i r ed  t o  clear the  f i x e d  i n s t r u -  
ment i n l e t s  on t h e  s i d e  of t h e  Probe i n c r e a s e  t h e  s k i r t  s t r u c t u r e  mass. 
Separa t ion  Tradeoff 
Although the  forward r e l e a s e  of t h e  descent  module r e s u l t s  i n  t h e  s imples t  
hardware, a rearward e x t r a c t i o n  o f f e r s  advantages of h e r i t a g e  and h e a t  s h i e l d  
con t i nu i t y . 
A s  desc r ibed  above, t h e  forward deployment of t h e  descent  module u s e s  
t h e  i n h e r e n t  d i f f e r e n c e  i n  b a l l i s t i c  c o e f f i c i e n t s ,  avoid ing  t h e  need f o r  an  
e x t r a c t i o n  parachute .  
parachute ,  a l though a mortar can deploy it. Forward release r e q u i r e s  a seam 
i n  t h e  hea t  s h i e l d  where t h e  s k i r t  j o i n s  t h e  nosecap. 




I ,  
A rearward e x t r a c t i o n  by parachute t akes  advantage of t h e  P ionee r  Venus 
and G a l i l e o  s e p a r a t i o n  experience.  I t  a l lows  a one-piece d e c e l e r a t o r ,  and t h e  
high parachute  d rag  r equ i r ed  f o r  e x t r a c t i o n  slows t h e  i n i t i a l  descent .  However, 
rearward e x t r a c t i o n  r e q u i r e s  a mortar and p i l o t  parachute ,  and t h e  much l a r g e r  
s e p a r a t i o n  parachute  (approximately 10 m d iameter )  which adds s i g n i f i c a n t  mass. 
98 
. 
and deployment of a s e p a r a t e  smaller descen t  chute.  
requirements  p r e s e n t s  formidable stowage problems. 
The l a r g e  parachute  volume 
A maneuvering e x t r a c t i o n  parachute moderately reduces t h e  area r equ i r ed  
F igu re  by c r e a t i n g  h o r i z o n t a l  as  w e l l  as ver t ica l  c l e a r a n c e  (Figure 3 . 4 - 3 ) .  
3 .4 -4  shows two op t ions  f o r  such a parachute.  However, t h e s e  des igns  r e q u i r e  
l a r g e  area t o  s e p a r a t e  from t h e  high-drag d e c e l e r a t o r  (Figure 3 . 4 - 5 ) .  
Descent Parachute  
Descent times of 2 t o  4 hours need a much smaller parachute,  w i th  a base 
area about t e n  times smaller than necessary f o r  rear e x t r a c t i o n  (F igu re  3 . 4 - 6 ) .  
The r equ i r ed  descent  parachute  a r e a  is similar t o  Galileo Probe ' s  w i t h  t h e  
s p e c i f i c  s i z e  t a i l o r e d  t o  t h e  des i r ed  descen t  t i m e .  
Ribbon, r i n g - s a i l ,  and :".s!-- cf-r-band des igns  have been used i n  similar 
a p p l i c a t i o n s .  However, t h e  ribbon des ign  o f f e r s  b e t t e r  s t a b i l i t y  and develop- 
ment h e r i t a g e  from G a l i l e o  and P ionee r  Venus. 
The v a r i o u s  e n t r y  d e s i g n s  s tud ied  have dynamic p res su res  a t  Mach 1 from 
0.7 t o  2.5 p s f .  This i s  c o n s i s t e n t  w i t h  t h e  1 psf  minimum d e s i r e d  t o  ensu re  
deployment: parachutes  have deployed a t  p r e s s u r e s  as low as 0.5 psf .  Evolving 
mission and Probe des igns  must avoid a low parachute  deployment pressure.  
No parachutes  have operated i n  an atmosphere as cold as T i t a n ' s .  The 
Probe warms  t h e  parachute  u n t i l  deployment, bu t  s t r e n g t h ,  bending, and f l u t t e r  
t es t s  must measure t h e  material performance a t  descen t  temperatures.  
I n  a d d i t i o n ,  a l l  parachute  designs have a d rag  u n c e r t a i n t y  t h a t  may 
r e q u i r e  t es t s  f o r  a s u f f i c i e n t l y  accu ra t e  estimate of t h e  descent  t i m e .  
Spin Rate Control 
Below 10 km a l t i t u d e ,  t h e  Probe descen t  imager d e s i r e s  a cons t an t  s p i n  
r a t e  of abolit 10°/sec t o  scan  t h e  surface.  Although e i t h e r  a s p i n  parachute  
o r  vanes can provide t h i s  r o t a t i o n ,  bo th  l a c k  p r e d i c t a b i l i t y  and s u f f e r  from 
" h e l i x  angle"  e f fec ts  a t  higher  a l t i t u d e .  
The i n h e r e n t  s p i n  of a l l  parachutes  and t h e  f r i c t i o n  of t h e  connect ing 
swivel dominate t h e  s p i n  e f f e c t s .  Large vanes can overcome t h e  swivel 's '  
f r i c t i o n  but r e q u i r e  a c t u a t o r s  and a c o n t r o l  system t o  compensate f o r  t h e  
inde te rmina te  parachute s p i n  e f f e c t s .  
Spin parachutes  d e l i b e r a t e l y  induce an  aerodynamic torque,  u s u a l l y  w i t h  
v e n t s  i n  t h e  canopy. NASA h a s  s tud ied  h i g h - a l t i t u d e  s p i n  parachutes  of t h e  
disk-gap-band design.  Although these d e s i g n s  can produce s p i n  rates below 
20 rpm dur ing  t e rmina l  descen t ,  the  s p i n  ra te ,  p ropor t iona l  t o  v e l o c i t y ,  
exceeds 100 rpm a t  h ighe r  a l t i t u d e s .  
For  both t h e  s t anda rd  and spin-inducing pa rachu te  des igns ,  s p i n  rates 
vary widely,  and t e s t i n g  i s  r equ i r ed  t o  bound the performance. F u r t h e r  
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4.  DESCENT MIDULE 
4.1 Configurat ion 
Envelope, mass, and access  cons idera t ions  determine t h e  descent  module 
conf igu ra t ion .  A narrow c y l i n d r i c a l  envelope r e q u i r e s  a small descent  module 
d iameter  and r e q u i r e s  a fo ld ing  d e c e l e r a t o r  ( s e e  s e c t i o n  3.1). Equipment must 
be packaged on two o r  more she lves  r e s u l t i n g  i n  an elongated conf igura t ion .  A 
s h a r p l y  curved d e c e l e r a t o r  nose, s t eep  cone angle ,  o r  l a r g e  equipment she l f  
f o r c e s  the  descent  module a f t  and inc reases  a t tachment  s t r u c t u r e  mass; f l a t t e r  
nose conf igu ra t ions  permit g r e a t e r  shelf  area. 
F igure  4.1-1 shows descent  module l ayou t s  f o r  50 and 80 c m  diameter  cy l in-  
d r i c a l  envelopes.  
than t h e  b a s e l i n e  s i n g l e  s h e l f  design,  e.g. t h r e e  b a t t e r y  modules in s t ead  of 
fou r ,  and assume t i g h t e r  u n i t  pdck;r&. The 50 c m  des ign  shows two she lves ,  bu t  
would probably r e q u i r e  a t h i r d  she l f  t o  proper ly  accommodate harness  and b lankets .  
Support  o€  t h e  a f t  she lves  consumes much of t he  a v a i l a b l e  space, and t h e  second 
s h e l f  and a s soc ia t ed  aftward mass in t roduces  cg l o c a t i o n  and i n e r t i a  r a t i o  
problems. I n  add i t ion ,  a l l  instruments  must deploy t o  view along t h e  s i d e s ,  
r o u t i n g  of t h e  gas  i n l e t s  i s  d i f f i c u l t ,  and access  t o  u n i t s  r e q u i r e s  ex tens ive  
disassembly. 
These pre l iminary  conf igu ra t ions  show somewhat less equipment 
The 80 c m  des ign  resembles the  Ga l i l eo  Probe conf igu ra t ion ,  wi th  t h e  i n s t r u -  
ments and most of t h e  subsystem u n i t s  on t h e  main s h e l f  and an a f t  she l f  support-  
i n g  t h e  communications equipment and a few s e l e c t e d  u n i t s .  Although s t i l l  cramped, 
adjustments  i n  the  s h e l f  s i z e s  and u n i t  l ayout  permit a two-shelf design of t h i s  
diameter .  Access, though b e t t e r  than t h e  smaller-diameter des ign ,  remains d i f f i -  
c u l t ,  and some ins t ruments  s t i l l  r equ t ro  deployment. 
Using t h e  f u l l  envelope a v a i l a b l e  on t h e  Mariner Mark I1 permi ts  a f l a t  60° 
With t h i s  geometry, d e c e l e r a t o r  cone with a l a r g e  sphe r i ca l  nose (Sec t ion  3.1). 
a l a r g e r  diameter  she l f  f i t s  near  the  nose,  where i t  provides  f avorab le  mass 
p r o p e r t i e s  and s i m p l i f i e s  t he  s t r u c t u r a l  design.  F igu res  4.1-2 show a descent  
module design based on a 100 c m  diameter s h e l f ;  t h e  conf igu ra t ion  al lows a d j u s t i n g  
t h i s  diameter  i f  requi red .  A l l  t h e  u n i t s  f i t  on a s i n g l e  s h e l f ,  minimizing t h e  
s t r u c t u r e  mass, avoiding s h e l f  supports ,  and providing complete access dur ing  
i n t e g r a t i o n .  
Given a s t rong  preference  f o r  a s i n g l e  she l f  des ign ,  two a d d i t i o n a l  op t ions  
were considered r e l a t i n g  t o  t h e  i n t e g r a t i o n  of t h e  d e c e l e r a t o r  nosecap. The nex t  
two s e c t i o n s  d e s c r i b e  an  i n t e g r a l  and sepa rab le  nosecap r e spec t ive ly .  
Descent Module Arrangement wi th  I n t e g r a l  Nosecap 
F igure  4.1-3 shows t h e  des ign  of t h e  descent  module wi th  an i n t e g r a l  nosecap. 
The descen t  module layout  p l aces  t h e  heav ie r  b a t t e r i e s  and command and d a t a  
processor  u n i t s  on t h e  forward s i d e  of t h e  s h e l f ,  keeping t h e  cg forward and 
c l o s e  t o  t h e  Carrier at tachments  as shown i n  F igu res  4.1-4, 4.1-5 and 4.1-6. The 
o t h e r  subsystem u n i t s  and t h e  sc ience  ins t ruments  mount on t h e  a f t  s i d e  of t h e  
s h e l f  and t h e  NMS rests i n  a cu tout  similar t o  t h e  mounting of t h e  G a l i l e o  Probe 
u n i t .  
room beneath i t  f o r  t h e  communications equipment, minimizing the cab le  runs.  
S l i g h t l y  e l e v a t i n g  t h e  antenna g i v e s  i t  a clear f i e l d  of view and provides  
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Three b r a c k e t s  on t h e  forward s i d e  of t h e  s h e l f  support  t h e  f ixed  
be ry l l i um nosecap and t h e  t h r e e  at tachments  t o  t h e  C a r r i e r  which p e n e t r a t e  
i t .  The at tachment  b o l t  c a t c h e r s  r u n  a lmost  t a n g e n t i a l  t o  t h e  i n s i d e  of ' 
t h e  nosecap w e l l  away from t h e  b a t t e r i e s  and CDP. The t h r e e  d e c e l e r a t o r  
s k i r t  b racke t s  f a s t e n  t o  t h e  a f t  s i d e  of t h e  s h e l f  above t h e  nosecap supports .  
The s k i r t  j e t t i s o n  b o l t  c u t t e r  assemblies hold t h e  b racke t s  o u t s i d e  t h e  
thermal  b l anke t s  t h a t  envelop t h e  rest  of t h e  module. 
Because t h e  d e c e l e r a t o r  s k i r t  r equ i r e s  r a d i a l  c l ea rance  around t h e  s h e l f  
f o r  i t s  af tward sepa ra t ion ,  the nosecap extends s l i g h t l y  outboard of t h e  
s h e l f  t o  meet i t .  Therefore ,  t h i s  fo rces  deployment of t h e  AS1 i n l e t s ,  
nephelometer r e f l e c t o r ,  and NFR/irnager o p t i c s .  Deploying t h e  senso r s  p l a c e s  
them outboard of t h e  nosecap edge t o  provide a clear f i e l d  of view and exposure 
t o  c l e a n  a i r f low.  Both t h e  GC and NMS i n l e t s  pass  through t h e  nosecap nea r  
t h e  s t a g n a t i o n  poin t .  The i n l e t  design prevents  i n t e r a c t i o n  wi th  t h e  f low 
e f f e c t s .  Although two i n l e t s  are :h.;s/n, they  might be i n t e g r a t e d  i n t o  one 
i n l e t  i n  t h e  f i n a l  conf igura t ion .  
Blankets ,  he ld  by aluminum suppor ts ,  cover  t h e  e n t i r e  descent  module and 
l i n e  t h e  i n s i d e  of t h e  nosecap. 
compartment t o  avoid d i s t u r b i n g  the rest of t h e  i n s u l a t i o n  when i t  deploys.  
The parachute  stows i n  a s e p a r a t e  b lanketed  
Descent Module Configurat ion wi th  J e t t i s o n e d  Nosecap 
F i g u r e  4.1-7 shows i n t e g r a t i o n  of t h e  descent  module wi th  a j e t t i s o n a b l e  
nosecap. J e t t i s o n i n g  t h e  nosecap allows i t  t o  use  lower mass o rgan ic  a b l a t i o n  
materials f o r  e n t r y  thermal p ro tec t ion  t h a t  would o the rwise  contaminate  t h e  
gas samples.  J e t t i s o n i n g  t h e  noseca: e l i m i n a t e s  o r  a t  least  s i m p l i f i e s  t h e  
ins t rument  deployments. The s h e l f  arrangkaent  i s  unchanged, b u t  b o l t  cutters 
hold t h e  nosecap a t  t h e  end of t h e  supports .  About 24 kg of b a l l a s t  mst be 
added t o  t h e  nosecap t o  s e p a r a t e  i t  f t m  t h e  descent  module and s k i r t  when 
t h e  c u t t e r s  f i r e .  Removal of t h e  nosecap exposes t h e  ins t rument  gas  i n l e t s .  
S ince  t h e  j e t t i s o n a b l e  nosecap extends f u r t h e r  beyond t h e  s h e l f ,  a 
l a r g e r  ho le  i n  t h e  d e c e l e r a t o r  s k i r t  is r equ i r ed  i n  o rde r  t o  clear f i x e d  
ins t rument  sensors .  T h i s  s i m p l i f i e s  instrument  des ign  a t  t h e  expense of an 
e x t r a  s e p a r a t i o n  and t h e  nosecap b a l l a s t  mass. To 
nosecap, t h e  long nephelometer sensor  deploys i n  a 
t h e  G a l i l e o  Probe. 
Mass -
Table  4.1-1 g i v e s  t h e  descent  module mass f o r  
s i n g l e  s h e l f  b a s e l i n e  conf igu ra t ion .  
Conclusions 
avoid an  even b igge r  
similar manner t o  t h a t  on 
t h e  i n t e g r a l  nosecap, 
A s imple conf igu ra t ion  us ing  a s i n g l e  100 c m  d iameter  she l f  suppor t s  
a l l  s c i ence  and subsystem u n i t s  while  main ta in ing  f avorab le  mass p r o p e r t i e s  
and complete a c c e s s a b i l i t y .  Shelf  diameter can grow to  provide a d d i t i o n a l  
area as r equ i r ed .  An i n t e g r a l  nosecap reduces o v e r a l l  Probe mass and r i s k  
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4.2 S t r u c t u r e  
The s ingle-she l f  conf igu ra t ion ,  mild e n t r y  d e c e l e r a t i o n ,  and moderate 
launch loads  s impl i fy  t h e  Probe s t r u c t u r a l  design.  
s t r u c t u r a l  requirements .  
load  as t h e  worst  case f o r  t h e  t r a j e c t o r i e s  of i n t e r e s t  and JPL has  provided 
es t imated  launch loads  f o r  t h e  Probe l o c a t i o n  on t h e  Carrier. 
Table  4.2-1 l ists  t h e  
The e n t r y  a n a l y s i s  i n  s e c t i o n  2.2 d e f i n e s  20 g a x i a l  
S t i f f n e s s  dominates t h e  s t r u c t u r a l  requirements .  The o v e r a l l  Probe 
n a t u r a l  frequency of 30 Hz al lows a 10 Hz margin over  t h e  JPL-defined minimum. 
Coupling of t h e  s t r u c t u r a l  modes then r e q u i r e s  t h a t  t h e  main s h e l f  f requency 
exceed 50 Hz. 
Equipment Shelf  
The s i n g l e  equipment s h e l f  support ing a l l  subsystem and s c i e n c e  u n i t s  
M d e l s  of the  s h e l f  u s ing  NASTRAN show h igh  load  dominates t h e  s t r u c t u r e .  
margins r e s u l t i n g  from t h e  s t i f f  design. A 2.0 inch  t h i c k  co re  of 5056 aluminum 
honeycomb wi th  50 m i l  2024-T81 f aceshee t s  main ta ins  t h e  50 Hz frequency. 
Locat ing t h e  t h r e e  s h e l f  suppor ts  a t  two-thirds of t h e  r a d i u s  enhances 
t h e  s h e l f  s t i f f n e s s  (compared t o  edge suppor t )  while  p lac ing  t h e  Carrier a t t ach -  
ments c o r r e c t l y  f o r  s epa ra t ion .  Loads from t h e  d e c e l e r a t o r  pass  d i r e c t l y  t o  
t h e  Carrier at tachments  and do not a f f e c t  t h e  s h e l f .  However, t h e  cu tou t  f o r  
t h e  NMS ins t rument  (assumed to  resemble t h e  G a l i l e o  Probe NMS) lowers  t h e  s h e l f  
s t i f f n e s s .  A surface-mounted NMS o r  a l o c a l  s h e l f  s t i f f n e r  would o f f e r  some 
saving  i n  she l f  mass and th ickness .  
Mass 
Table 4.2-2 l ists  t h e  mass of each s t r u c t u r a l  element.  As t h e  prime load- 
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4.3 Thermal Control  
Requirement s 
The probe must main ta in  proper  i n t e r n a l  temperatures  dur ing  t h e  9-year 
c r u i s e  t o  Sa turn ,  6 t o  20 day coas t  from spacec ra f t  s epa ra t ion  t o  T i t a n  e n t r y ,  
and descent  i n t o  t h e  cold T i t a n  atmosphere. 
temperature  requirements.  I n  addi t ion  t o  these  ranges,  t he  b a t t e r i e s  should 
remain below 2OoC f o r  long-term s torage .  
Table  4.3-1 summarizes t h e  ope ra t ing  
Cruise  and Coast Thermal Control  
F igure  4.3-1 shows t h e  thermal con t ro l  concept. The approach fo l lows  t h a t  
of t h e  Ga l i l eo  Probe, w i th  4 cm th i ck  b l anke t s  surrounding t h e  descent  module 
t h a t  con ta ins  t h e  u n i t s .  However, €or  t h e  T i t a n  Probe, t h e  r ad io i so tope  h e a t e r  
u n i t s  (RHUS) t h a t  keep t h e  probe warm dur ing  c r u i s e  and coas t  are placed i n s i d e  
t h e  descent  module thermal blanKets where they can a l s o  he lp  t o  w a r m  t h e  module 
dur ing  descent .  
t o  deploy without  a f f e c t i n g  descent  module thermal con t ro l .  
A separate parachute b lanket  and RHU f o r  t h e  parachute  a l low i t  
Because t h e  Probe is  designed for  a thermal balance while coas t ing  a lone  
a f t e r  s epa ra t ion  from t h e  Carrier spacec ra f t  a t  Sa turn ,  i t  r e q u i r e s  shade from 
the  sun nea r  Ear th  and i s o l a t i o n  from t h e  Carrier. This  i s o l a t i o n  may inc lude  
shading from t h e  Carrier RTG thermal r a d i a t i o n ,  i f  t h e  small view f a c t o r  does not  
s u f f i c i e n t l y  minimize t h e  e f f e c t .  The Probe-Carr ier  a t tachments  may a l s o  r e q u i r e  
conduct ive i s o l a t i o n ;  exac t  va lues  of acceptab le  r a d i a t i o n  and conduction r e q u i r e  
d e f i n i t i o n  and are beyond t h e  scope of t h i s  study. 
The RHUS must main ta in  t h e  Probe between -loo and 2OoC wi th  e f f e c t i v e  b lanket  
e m i s s i v i t y  from 0.02 t o  0.04 (F igure  4.3-2). Since v a r i a t i o n s  in blanket  i n s t a l l -  
a t i o n  and pene t r a t ion  cause t h e  range of emi t tances ,  tes ts  a r e  requi red  t o  de te r -  
mine t h e  exac t  number of RHUS. A base l ine  va lue  of 40 w a t t s  f a l l s  in t h e  expected 
range. 
Descent Thermal Control 
Table  4.3-2 compares t h e  t h r e e  key parameters of t h e  descent  thermal environ- 
ment t o  previous probe missions.  The conduc t iv i ty  of T i t a n ' s  atmosphere, about  
i jne-sixth of J u p i t e r ' s ,  reduces t h e  r a t e  of hea t  l o s s .  Free convect ion is approx- 
imately the  same a s  on Pioneer  Venus. Although the  co ld  T i t a n  atmosphere t ends  
t o  coo l  t h e  Probe, i t  a l s o  r e s u l t s  i n  low conduc t iv i ty  of b l anke t s  and metal 
p a r t s  compared t o  t h e  Ga l i l eo  descent.  
F igu res  4.3-3 and 4.3-4 show the v a r i a t i o n  i n  Probe temperature  during 
descent  f o r  i n i t i a l  temperatures  of +loo and -1OOC. The p r o f i l e s  show t h e  e f f e c t s  
of 4cm and 8 cm (1.5 and 3.0 inch)  th ick  i n s u l a t i o n ,  wi th  up t o  65 watts of h e a t e r  
power added t o  t h e  i n t e r n a l  d i s s i p a t i o n  as descr ibed  by t h e  power budget in t h e  
fo l lowing  s e c t i o n .  Heaters  would pr imar i ly  w a r m  t h e  b a t t e r i e s  because they are 
most s e n s i t i v e  t o  low temperatures .  Appropriate  h e a t e r  power and i n s u l a t i o n  
th i ckness  can maintain i n t e r n a l  temperatures f o r  any of the  descent  t i m e s  con- 
s ide red .  
i n i t i a l  temperature  and no supplemental h e a t e r  power; modest h e a t e r  power ensu res  
maximum b a t t e r y  performance f o r  longer miss ions  o r  coo le r  i n i t i a l  temperatures .  
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4.4 Power Subsystem 
Operat  i o n  
The Probe must i n t e r n a l l y  supply 60 mW, 32 W ,  and 153 W of r egu la t ed  
b a t t e r y  power t o  t h e  u n i t s  during coas t ,  pre-entry,  and descen t ,  r e spec t ive ly .  
I t  a l s o  must d i s t r i b u t e  C a r r i e r  power suppl ied  through two Probe power i n t e r -  
f a c e  u n i t s  (PPIUs) f o r  checkout during c r u i s e .  I n  a d d i t i o n ,  t h e  power subsystem 
must provide f i r i n g  c u r r e n t  f o r  up  t o  six simultaneous s e p a r a t i o n  and deployment 
pyro technic  i n i t i a t o r s .  
F igu re  4.4-1 shows t h e  subsystem opera t ion .  The subsystem power i n t e r f a c e  
u n i t  (SPIU) diode-ORs and r e g u l a t e s  the power l i n e s  from four  Lis02 b a t t e r y  
modules It a l s o  con ta ins  recondi t ion ing  c i r c u i t s  t o  depass iva t e  the  b a t t e r i e s  
be fo re  en t ry .  O r b i t e r  power suppl ied  by t h e  PPIU passes through t h e  SPIU f o r  
swi tch ing  and d i s t r i b u t i o n .  
The SPIU swi tches  power t o  t h e  command and d a t a  processor  (CDP), t h e  CDP 
The I P I U  i n  t u r n  provides  overvol tage  
c o a s t  t imer ,  t h e  ins t rument  power i n t e r f a c e  u n i t  (IPIU),  t h e  communications equip- 
ment, and t h e  pyro c o n t r o l  u n i t  (PCU). 
r e g u l a t i o n ,  f u s i n g ,  and switching of sc ience  ins t rument  power. The PCU con ta ins  
t h e  arming and hybrid d r i v e r  c i r c u i t s  f o r  t h e  pyro technic  i n i t i a t o r s .  
measured performance of t h e  Galileo ?robe LIS02 b a t t e r i e s ,  b a t t e r y  power can d r i v e  
t h e  squ ibs  d i r e c t l y ;  no thermal b a t t e r i e s  a r e  r equ i r ed .  
Based on 
Table  4.4-1 l i s ts  t h e  subsystem u n i t  masses and r equ i r ed  mod i f i ca t ions  from 
t h e  G a l i l e o  design.  The added b a t t e r y  module suppor t s  t h e  longe r  T i t a n  mission 
and provides  t h e  d e s i r e d  margin f o r  t h i s  s t a g e  of t h e  program. Repackaging t h e  
G a l i l e o  Probe e l e c t r o n i c s  e l i m i n a t e s  t k  hermet ica l ly-sea led ,  p re s su re  t o l e r a n t  
(20 bar)  c a s e s  t o  save mass. 
Table  4.4-2 snows t h e  power budgeL f o r  a 3-hour descent .  A l l  l oads  c a r r y  a 
10% contingency. I n  add i t ion ,  a l l o c a t e d  b a t t e r y  she l f  l o s s e s  of 0.1 A-hr/module/ 
:;ear consume 3.6 A-hr, a l though Ga l i l eo  Probe  has  no t  observed l o s s e s  t h i s  high. 
I’hd sc i ence  instruinents  d r i v e  t h e  checkout power requirement;  sequencing t h e  
checkout would r e d u c e  t h e  maximum power i f  necessary.  
C a r r i e r  Power I n t e r f a c e  
Two ?robe power i n t e r f a c e  u n i t s  (PPIUs) on t h e  Carrier supply power f o r  
Probe ope ra t ion  dur ing  t h e  c r u i s e  t o  Saturn (F igu re  4.4-2). 
switched,  r egu la t ed ,  cur ren t - l imi ted  DC l i n e s  from t h e  C a r r i e r .  Two DC-to-DC 
c o n v e r t e r s  s h i f t  the vo l t age  from t h e  + 1 5 V  i n p u t  t o  t h e  d e s i r e d  +33 V and +39 V 
values .  Like G a l i l e o  Probe, t h r e e  busses pass  from t h e  conve r t e r s  t o  t h e  probe 
SPIIJ. The f i r s t  powers the  command i n t e r f a c e  f u n c t i o n s  and c o n t a i n s  a S h u t t l e  
lockout  and bleed r e s i s t o r  c i r c u i t  fo r  s a f e t y .  The second bus powers t h e  CDP; 
t h e  t h i r d  bus provides  cu r ren t  and vol tage  l i m i t e d  checkout power. The second 
PPIU redundant ly  s u p p l i e s  t h e  same i n t e r f a c e s .  
Each PPIU accep t s  
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Bat t e ry  S e l e c t i o n  
Table  4.4-3 summarizes t h e  c h a r a c t e r i s t i c s  of b a t t e r i e s  considered f o r  
t h e  Probe. Sa fe ty ,  mass, c o s t ,  she l f  l i f e ,  and t r a n s i t i o n  from the  coas t  
t iming phase of t he  mission t o  t h e  higher power requi red  j u s t  before  e n t r y  
p r imar i ly  a f f e c t  t he  b a t t e r y  se l ec t ion .  Although o t h e r  systems o f f e r  some 
advantages,  t h e  o v e r a l l  t r adeof f  favors  the  G a l i l e o  probe LIS02 b a t t e r i e s  
because of t h e  low c o s t  and mass, and developed s t a t u s .  
capac i ty  margin overcomes both t h e  temperature and s h e l f  l i f e  disadvantages 
of t h i s  type.  The e n t i r e  power subsystem t h e r e f o r e  r e t a i n s  most of i t s  
G a l i l e o  Probe he r i t age .  
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4.5 Communications Subsystem 
To s impl i fy  the  communications a n a l y s i s  t h e  t r a n s m i t t e r  power w a s  se t  
a t  2.5W, S-Band frequency (2295 MHz) was assumed, and atmospheric absorp t ion  
e f f e c t s  and g a l a c t i c  and synchrotron no i se  were ignored. . A b i t  e r r o r  
r a t e  of w a s  assumed based on the G a l i l e o  Probe requirement,  and r e c e i v e r /  
demodulation l o s s e s ,  cab le  l o s s ,  and no i se  temperature  (437%) were set  a t  
t h e  va lues  measured f o r  t h e  Ga l i l eo  Probe. 
d i s k  no i se  of 90%. 
Link budgets assume a worst  ca se  
Sec t ion  2.4 desc r ibes  t h e  t radeoff  of o t h e r  communications parameters 
and d e r i v e s  a base l ine  Probe antenna beamwidth, Receive antenna beamwidth, 
and BPSK r e c e i v e r  design employing a 2nd o r d e r  t r ack ing  loop ( s e e  Sec t ion  5.3). 
The Probe communication subsystem employs a paral le l  s t r i n g  configura- 
t i o n  wi th  no c ross -s t rapping ,  s i d h r  t o  t h a t  used on G a l i l e o  Probe ( s e e  F igure  
4.5-1). The two phase modulated S-band channels  a r e  t ransmi t ted  t o  t h e  C a r r i e r  
a t  or thogonal  p o l a r i z a t i o n  and o f f s e t  frequency. The two s t r i n g s  t r ansmi t  
n e a r l y  redundant t e l e m e t r y  information from t h e  CDP u n i t .  
U l t r a  S t a b l e  O s c i l l a t o r s  (USO) g e n e r a t e  t h e  RF c a r r i e r s  w i th  s u f f i c i e n t  
frequency s t a b i l i t y  t o  a l low determinat ion of atmospheric wind from doppler  
measurement. An e x c i t e r  i n  each s t r i n g  biphase modulates t h e  c a r r i e r  w i th  
t h e  composite convo lu t iona l ly  encoded d a t a  stream from t h e  a s soc ia t ed  CDP. A 
power a m p l i f i e r  d e l i v e r s  2.5 w a t t s  t o  t h e  antenna. A l l  t h e  u n i t s  have t h e i r  
h e r i t a g e  i n  e x i s t i n g  hardware. Table 4.5-1 shows mass, power, and dimensions 
f o r  each u n i t .  
I n c l u s i o n  of r a d i o  sc i ence  irr,,:tts both the  Probe and Car r i e r .  I f  r a d i o  
science is d e l e t e d  t h e  Ultra S tab le  O s c i l l a t o r s  can be rep laced  by temperature  
c o n t r o l l e d  c r y s t a l  o s c i l l a t o r s  decreasing mass, power and dimensions ( s e e  
t a b l e  4.5-2). E l imina t ing  r a d i o  science a l s o  al lows similar s i m p l i f i c a t i o n  
of t h e  o s c i l l a t o r  i n  each r e c e i v e r ,  a small r e c e i v e r  d a t a  ra te  decrease  
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4 . 6  Command and Data Subsystem 
R e a d  remen t s 
The T i t a n  Probe Command and Data Subsystem (OS) must communicate w i t h  
t h e  Carrier during c r u i s e  t o  perform Probe checkout. A f t e r  t h e  Probe s e p a r a t e s ,  
t h e  CDS must time t h e  c o a s t  per iod  t o  ensure  pre-entry warm-up of t h e  s t a b l e  
o s c i l l a t o r .  The g-switches g i v e  t h e  CDS an i n d i c a t i o n  of t h e  f o r c e s  experienced 
by t h e  Probe as i t  e n t e r s  T i t a n ' s  atmosphere. The CDS must u s e  t h i s  in format ion  
t o  d e r i v e  t h e  t iming of parachute  deployment, d e c e l e r a t o r  s e p a r a t i o n ,  and commands 
t o  t h e  sc i ence  instruments .  
A s  t h e  Probe descends,  t h e  CDS must deploy senso r s ,  command ins t ruments  
t o  t a k e  measurements, format sc ience  and engineer ing  d a t a ,  and send t h e  
composite da ta  t o  t h e  communications subsystem f o r  t ransmiss ion  t o  t h e  Car r i e r .  
The e s t ima ted  number and type of command and t e l eme t ry  channels  are nea r ly  t h e  
same as G a l i l e o  Probe. 
Hardware Desc r ip t ion  
The Probe command and d a t a  handling subsystem comprises t h e  two ha lves  
of t h e  CDP, two PCU's (Pyro technic  Control U n i t ) ,  and fou r  g-switches. 
Table  4.6-1 l i s t s  t h e  mass, power, and dimensions of each of t h e s e  u n i t s .  
The mass and power column has  t h e  t o t a l  f o r  a l l  u n i t s  on t h a t  l i n e ,  while  t h e  
dimensions apply t o  i n d i v i d u a l  u n i t s .  
I n t e r f a c e s  
F igu re  4.6-1 shows t h e  Carrier command i n t e r f a c e s  w i t h  t h e  Probe,  r e c e i v e r ,  
and s e p a r a t i o n  mechanism. Commands come t o  t h e  Probe over  t h e  Carrier s e r i a l  
bus. Note t h a t  t h e  se r ia l  bus i n t e r f a c e  passes  through t h e  cab le  c u t t e r .  
The Bus I n t e r f a c e  Unit  (BIU) handles  Carrier bus protocol  and decodes commands 
f o r  t h e  Probe. An i d e n t i c a l  command i n t e r f a c e  e x i s t s  between t h e  Carrier and 
the  r e c e i v e r .  The Carrier provides  a number of d r i v e r s  t o  f i r e  NASA s tandard  
i n i t i a t o r s  i n  t h e  cab le  c u t t e r  and sepa ra t ion  mechanism. 
Data i n t e r f a c e s  between t h e  Car r i e r  and Probe-related hardware are shown 
in f i g u r e  4 . 6 - 2 .  All Probe d a t a  i n t e r f a c e s  a l s o  pass  through t h e  cab le  c u t t e r .  
The Probe,  s e p a r a t i o n  mechanism, and t h e  r e c e i v e r  have a number of pas s ive  
analog and b i l e v e l  t r ansduce r s  t h a t  a r e  sampled by t h e  Carrier CDS.  Sampling 
of t h e s e  t e l eme t ry  p o i n t s  does not r equ i r e  t h e  p a r t i c i p a t i o n  of t h e  r e c e i v e r  
o r  Probe e l e c t r o n i c s .  
CDP-formatted checkout d a t a  pass  through t h e  Probe  exciters and t r a v e l  
a t  RF t o  t h e  r e c e i v e r s  over c o a x i a l  cab les .  The r e c e i v e r  then  processes  t h e  
d a t a  a s  i f  they were received through t h e  antenna and sends  them t o  t h e  
Carrier s e r i a l  bus v ia  i t s  B I U .  This scheme provides  an  end-to-end checkout 
of bo th  t h e  Probe and r e c e i v e r .  An opt ion  e x i s t s  whereby t h e  Probe r e t u r n s  
d a t a  d i r e c t l y  t o  t h e  Carrier through i t s  BIU.  Th i s  op t ion  would a l low checkout 
of t h e  Probe wi thout  involv ing  t h e  r ece ive r  o r  Probe  RF equipment. The b a s e l i n e  
does n o t  employ t h i s  op t ion  because the inc reased  CDP complexity outweighs 
t h e  p o t e n t i a l  checkout power savings.  
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CDP Redundancy Options 
Four redundancy op t ions  f o r  t h e  Command and Data Processor  (CDP) have been 
i d e n t i f i e d .  
redundancy and complexity. I n  Option A,  shown i n  f i g u r e  4 . 6 - 3 ,  t h e  u n i t  simply 
comprises two i d e n t i c a l  and independent ha lves .  The Carrier selects  t h e  p r i m e  
h a l f  p r i o r  t o  Probe sepa ra t ion ,  and the  o t h e r  ha l f  remains o f f  f o r  t h e  remainder 
of t h e  mission. This  op t ion  h a s  t h e  advantage of s i m p l i c i t y ,  but  is vu lne rab le  
t o  single f a i l u r e s  a f t e r  s epa ra t ion .  
I n  t h e  fol lowing d e s c r i p t i o n s ,  t h e  op t ions  a r e  ordered by i n c r e a s i n g  
Opt ion  B ( f i g u r e  4 . 6 - 4 )  o f f e r s  increased r e l i a b i l i t y  by us ing  a s e l f - t e s t  
ana lyze r  t o  test both CDP ha lves  and select t h e  p r i m e  one j u s t  before  en t ry .  The 
ana lyze r  monitors  prime timing s i g n a l s  from then  on, and selects  t h e  backup ha l f  
should t h e  t iming go ou t  of to le rance .  If t h e  backup ha l f  is v i a b l e ,  i t s  d a t a  
f u n c t i o n  remains synchronized w i t h  tha t  of t h e  prime h a l f ,  and a l lows  redundant 
d a t a  c o l l e c t i o n  and t r a n s m i s s i c l .  V L a l l y ,  t h e  Carrier can d i s a b l e  t h e  s e l f - t e s t  
ana lyze r  should i t  f a i l  p r i o r  t o  sepa ra t ion .  T h i s  op t ion  w a s  s e l e c t e d  f o r  t h e  
G a l i l e o  Probe,  because volume, mass, and schedule  precluded t h e  fol lowing opt ions .  
A s  shown i n  f i g u r e  4 . 6 - 5 ,  t h e  two CDP ha lves  of Option C o p e r a t e  indepen- 
d e n t l y  t o  provide a c t i v e  redundancy. The i d e n t i c a l  ha lves  are not  synchronized,  
and hence, r e q u i r e  asynchronous s e r i a l  d a t a  i n t e r f a c e s  wi th  the  non-redundant 
s c i ence  ins t ruments .  The asynchronous d a t a  i n t e r f a c e s  can be implemented by each 
ins t rument  o r  by a s e p a r a t e  u n i t  ( s e e  fo l lowing  paragraphs) .  
enab l ing ,  coupled wi th  j u d i c i o u s  command output  c i r c u i t  assignment,  g i v e s  protec-  
t i o n  a g a i n s t  s i n g l e - f a i l u r e  f a l s e  commands. CDP o s c i l l a t o r  f a u l t  p r o t e c t i o n  
prec ludes  premature command sequencing as a r e s u l t  of a s i n g l e  f a i l u r e  ( s e e  
fo l lowing  paragraphs) .  
and e l i m i n a t e s  t h e  synchroniza t ion  hardware and s e l f - t e s t  ana lyzer .  
C r i t i c a l  command 
Option C provides  inc reased  r e l i a b i l i t y  over  Option E, 
Option D ,  f i g u r e  4 . 6 - 6 ,  is t h e  most r e l i a b l e  and complex of t h e  fou r  opt ions .  
The d a t a  f u n c t i o n  is e s s e n t i a l l y  t h e  s'pme as t h a t  of Option C. The command 
func t ion ,  however, employs t h r e e  sequencers and ma jo r i ty  vo t ing  hardware. As wi th  
Option C, no s e l f - t e s t  ana lyze r  o r  synchroniza t ion  hardware i s  requi red .  Premature 
sequencing by one of t h e  t h r e e  command sequencers  i s  no t  mission c r i t i ca l  t o  t h i s  
op t ion .  Coarse synchrony among t h e  sequencers is necessary ,  however, and demands 
a c e r t a i n  s t a b i l i t y  of the  CDP o s c i l l a t o r s .  
Base 1 i ne Subsystem 
Option C has  been chosen f o r  the b a s e l i n e  subsystem because i t  o f f e r s  t h e  
necessary  r e l i a b i l i t y  wi th  lowest complexity and c o s t .  F igure  4.6-7 shows t h e  
independent CDP ha lves  and t h e  remainder of t h e  subsystem. C a r r i e r  commands are 
routed  t o  both ha lves ,  e i t h e r  of which responds i f  powered and proper ly  addressed.  
G-switch i n p u t s  provide t iming cues to  t h e  CDP f o r  descent  sequencing. Each 
c r i t i c a l  command r e q u i r e s  an  enable  to  prevent  s i n g l e - f a i l u r e  f a l s e  commands. I n  
a d d i t i o n ,  a l a t c h i n g  g-switch enable  w i t h i n  t h e  PCU preven t s  execut ion  of c r i t i c a l  
commands be fo re  e n t r y .  Non-cr i t ica l  commands do n o t  depend on enab le s  and execute  
d i r e c t l y  i f  s e n t  by e i t h e r  h a l f .  Each CDP h a l f  p rovides  asynchronous t e l eme t ry  
t iming t o  t h e  Probe and sc i ence  ins t ruments ,  which then r e t u r n  s e p a r a t e ,  asyn- 
chronous d a t a  streams. The CDP halves  independent ly  format d a t a  f o r  p a r a l l e l  
t r ansmiss ion  by t h e  communication subsystem. 
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Pyro techn ic  Control  Unit  
The redundant PCU provides  i s o h t i o n  d iodes ,  arming r e l a y s ,  and d r i v e r  
hybr ids  t o  meet requirements  f o r  mission r e l i a b i l i t y  and s h u t t l e  s a f e t y .  
Hybr id i za t ion  of t h e  d r i v e r  c i r c u i t s  has  proven t o  s i g n i f i c a n t l y  reduce t h e  
mass and volume of t h i s  u n i t  on t h e  Ga l i l eo  Probe. These same advantages 
apply  t o  the  T i t a n  Probe. The arming c i r c u i t  r e q u i r e s  a command from t h e  
CDP i n  a d d i t i o n  t o  g-switch a c t i v a t i o n  be fo re  t h e  d r i v e r s  are connected t o  
t h e  power bus. F i n a l l y ,  each f i r e  command from t h e  CDP must be preceded by 
an  enable  command. 
O s c i l l a t o r  F a u l t  P r o t e c t i o n  
The base l ine  subsystem r e q u i r e s  t h a t  sequencer o s c i l l a t o r s  be pro tec ted  
from s i n g l e  f a i l u r e s  t h a t  cause o s c i l l a t i o n  a t  some h igher  f requency,  s i n c e  
t h e  r e s u l t i n g  premature sequencing i s  p o t e n t i a l l y  miss ion  ca t a s t roph ic .  
This  type of f a i l u r e  i s  charact.3ri7ed b y  o s c i l l a t i o n  e i t h e r  a t  a harmonic 
frequency o r  i n  an undes i red  mode. In  e i t h e r  of t hese  cases, a bandpass 
f i l t e r  cen tered  about t h e  fundamental frequency would block t h e  undes i red  
o s c i l l a t i o n  and h a l t  t h e  f a u l t y  sequencer. 
Asynchronous Science Data I n t e r f a c e s  
The asynchronous d a t a  a c q u i s i t i o n  of t h e  b a s e l i n e  CDP ha lves  p l a c e s  
s p e c i a l  requirements  on t h e  s e r i a l  i n t e r f a c e s  between t h e  CDP and t h e  
sc i ence  ins t ruments .  Implementation of t hese  i n t e r f a c e s  r e q u i r e s  e i t h e r  a 
second d a t a  output  c i r c u i t  from each ins t rument  o r  a s e p a r a t e  d a t a  s p l i t t e r  
u n i t .  F igu re  4.6-8 shows one op t ion  i n  which t h e  sc i ence  ins t rument  des ign  
remains e s s e n t i a l l y  unchanged. The instrument  provides  asynchronous d a t a  
o u t p u t s  by simply r e p l i c a t i n g  t h e  c i r w i t r y  from t h e  A/D conve r t e r  t o  t h e  
output  connector .  F igure  4.6-9 shows an  y t i o n  i n  which t h e  sc i ence  i n s t r u -  
ment r e t a i n s  t h e  s i n g l e  d a t a  i n t e r f a c e  t y p i c a l  of G a l i l e o  Probe instruments .  
This  o p t i o n  r e q u i r e s  a s e p a r a t e  d a t a  ; p l i t t e r  c i r c u i t ,  l i k e  t h e  one shown, 
f o r  each instrument .  In t e rmed ia t e  opt ions  r e q u i r e  t h a t  t h e  s c i e n c e  i n s t r u -  
ments provide some of t h e  bu f fe r ing  and/or c o n t r o l  func t ions .  
I n  t h e  b a s e l i n e  des ign ,  s c i ence  in s t rumen t s  provide asynchronous d a t a  
o u t p u t s  t o  t h e  CDP. The implementation of t h e s e  ou tpu t s  is an  ins t rument  
des ign  i s s u e  whose impact depends on d a t a  handl ing hardware complexity.  
Convolut ional  Encoding 
The t r adeof f  regard ing  t h e  implementation of convolu t iona l  encoding 
f o r  t h e  Probe-receiver  l i n k  i s  e s s e n t i a l l y  hardware vs.  sof tware.  The 
hardware op t ion  r e q u i r e s  an  estimated 100 equ iva len t  p a r t s ,  which is  about  
2.5% of a G a l i l e o  CDP. Software encoding r e q u i r e s  about 25  i n s t r u c t i o n s  
pe r  b i t ,  which occupies  8.3% of the base l ine  p rocesso r ' s  t i m e .  
de s ign  u s e s  sof tware  encoding because i t  imposes an  accep tab ly  low demand 
on processor  t i m e ,  and r e q u i r e s  no a d d i t i o n a l  hardware. 
The b a s e l i n e  
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Data Rates 
Table 4.6-2 l ists  t h e  f a c t o r s  tha t  c o n t r i b u t e  t o  t h e  ra te  of d a t a  t r a n s f e r  
from the  r e c e i v e r s  t o  t h e  C a r r i e r  for  bo th  t h e  h igh  and low Probe d a t a  r a t e s .  
The f a c t o r s  comprise: Probe formatt ing and convolu t iona l  encoding, r e c e i v e r  
engineer ing  d a t a ,  r a d i o  sc i ence  da ta ,  r e c e i v e r  p a c k e t i z a t i o n ,  and a f a c t o r  of 
2 t o  account f o r  r e c e i v e r  redundancy. P a c k e t i z a t i o n  fo l lows  t h e  CCSDS rec- 
ommendation, u s e s  1024-bit packe t s ,  and does not employ e r r o r  c o n t r o l  f i e l d s .  
The h i g h e s t  d a t a  r a t e  seen by the  Car r i e r  is around 45,000 bps - w e l l  w i t h i n  
the  c a p a b i l i t y  of t h e  serial  bus. 
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TABLE 4.6-1 - UNIT MASS, POWER, AND DIMENSIONS 
- UNIT QUANTITY MASS (KG) POWER (W) DIMENSIONS PER UNIT (CM) 
L W H 
CDP HALF 2 14.4 20 30.5 15.2 8.9 
PCU 2 3.45 0 27.9 10.8 8.3 
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5. CARRIER INTERFACE 
5.1 Sepa ra t ion  
Reauirements 
The requirements  f o r  Probe sepa ra t ion  from t h e  Carrier d e r i v e  from t h e  
b a s i c  requirement  t h a t  t h e  s e p a r a t i o n  v e l o c i t y  be s u f f i c i e n t  t o  a s s u r e  
s e p a r a t i o n ,  Furthermore,  t h e  Probe angular  momentum must be l a r g e  enough t o  
a s s u r e  a nose f i r s t  a tmospheric  e n t r y  and s u f f i c i e n t l y  small t o  permit 
s a t i s f a c t o r y  Probe precess ion  t o  zero  ang le  of a t t a c k  du r ing  en t ry .  
Any cand ida te  s e p a r a t i o n  des ign  mus t  be  w i t h i n  Carrier requirements  f o r  
d i s t u r b a n c e  impulse and must m e e t  mission requirements  f o r  s e p a r a t i o n  p r e c i s i o n .  
Imprec is ion  i n  t h e  s e p a r a t i o n  v e l o c i t y  v e c t o r  produces t a r g e t i n g  e r r o r s  and 
imprec is ion  i n  t h e  angular  momentum vec to r  produces e r r o r s  i n  t h e  angle  of 
a t t a c k  a t  e n t r y .  
Design S e l e c t i o n  
The requirements  can be m e t  w i th  t h r e e  s e p a r a t i o n  concepts.  Each i s  
cha rac t e r i zed  by t h e  way t h a t  t h e  angular  energy i s  app l i ed .  
The f i r s t  is t h e  G a l i l e o  approach: e j e c t i n g  t h e  probe from a sp inning  
c a r r i e r .  The carrier provides  t h e  angular  v e l o c i t y  through i t s  s p i n ,  a l lowing 
t h e  s e p a r a t i o n  hardware t o  provide only a t r a n s l a t i o n a l  impulse. The gyro  
c o n t r o l  l i m i t  (2O/sec) of  t h e  3-axis  s t a b i l i z e d  Mariner Mark I1 Carrier 
e l i m i n a t e s  f u r t h e r  cons ide ra t ion  of t h i s  approach. 
The second approach is  a gradual  bu i ldup  of angu la r  momentum wi th  a C a r r i e r  
mounted s p i n  up  system. The sepa ra t ion  impulse i s  a l s o  only  t r a n s l a t i o n a l .  
The t h i r d  concept i s  s imultaneous t r a n s l a t i o n a l  and r o t a t i o n a l  impulse. 
A wide v a r i e t y  of hardware implementations are poss ib l e .  The d i f f i c u l t y  i s  
t o  meet s p i n  and d e l t a  V requirements  wi thout  s a c r i f i c i n g  s e p a r a t i o n  p rec i s ion .  
Table  5.1-1 shows t h e  hardware implementations examined f o r  t h i s  s tudy.  A l l  
t h r e e  des igns  can provide t h e  requi red  s e p a r a t i o n  energy but  d i f f e r  g r e a t l y  i n  
des ign  complexity. 
The s p i n  t a b l e  system a p p l i e s  a gradual  sp inup  through a motor d r i v e n  
p l a t fo rm wi th  s p r i n g s  on t h e  p la t form s e p a r a t i n g  t h e  Probe when t h e  proper  a n g u l a r  
v e l o c i t y  i s  reached. A l l  s h u t t l e  launched HS-376 s a t e l l i t e s  u s e  t h i s  approach. 
Appl ica t ion  t o  t h e  T i t a n  Probe mission n e c e s s i t a t e s  c o s t l y  s c a l i n g  down of complex 
and expensive hardware. Furthermore,  t h e  volume of t h e  hardware pushes t h e  P robe  
i n t o  t h e  S h u t t l e  envelope,  s i g n i f i c a n t l y  reducing  t h e  a l lowable  s i z e  of t h e  f i x e d  
d e c e l e r a t o r .  
The c e n t e r l i n e  s p r i n g  system and t h e  t h r e e  canted s p r i n g  system are two 
d i f f e r e n t  methods of applying a simultaneous s p i n  up  and e j e c t i o n .  The cen te r -  
l i n e  approach i n c o r p o r a t e s  a s i n g l e  spr ing  mechanism a t t a c h e d  a t  t h e  Probe  
c e n t e r l i n e .  The s p r i n g  i s  mounted i n  a h e l i x - s l o t t e d  c y c l i n d r i c a l  housing which 
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a t t a c h e s  t o  t h e  Car r i e r .  Guide p ins  i n  an o u t e r  j a c k e t  f o r c e  t h e  Probe t o  
rotate  as t h e  s p r i n g  ex tends ,  cons t r a in ing  t h e  P robe ' s  motion during sep- 
a r a t i o n .  The angle  of t h e  h e l i x  determines t h e  u l t i m a t e  angular  v e l o c i t y  
of t h e  Probe a t  release. A s i n g l e  sepa ra t ion  b o l t  i n i t i a t e s  s e p a r a t i o n  
which occurs  i n  approximately 0.5 seconds. 
Some sample des ign  c h a r a c t e r i s t i c s  f o r  t h i s  system are given below. 
The assumed s e p a r a t i o n  parameters a r e  c o n s i s t e n t  w i th  t h e  requirements  
l i s t e d  above. 
probe mass - 141 kg 
probe i n e r t i a  - 44 kg-m2 
probe s p i n  ra te  - 10 rpm 
probe v e l o c i t y  - 0.2 m/sec 
h e l i x  ang le  - 41.3O 
torque  r a d i u s  - 16.9 cm 
s p r i n g  cons t an t  - 12 .1  kn/nl 
s p r i n g  diameter  - 5.7 c m  
s p r i n g  compressed l e n g t h  - 3.0 cm 
s p r i n g  l e n g t h  a t  release - 8.0 cm 
r e l e a s e  t i m e  - 0.44 
The primary disadvantage of t h i s  system i s  t h e  complexity of t h e  des ign  
for Probe at tachment .  The c e n t e r l i n e  a p p l i c a t i o n  of f o r c e  s i g n i f i c a n t l y  
compl ica tes  nosecap design.  It a l s o  r e q u i r e s  a s e p a r a t e  a t tachment  s t r u c t u r e  
t o  c a r r y  launch loads.  
By inco rpora t ing  t h e  sp r ings  i n t o  t h e  load  bear ing  s t r u c t u r e  t h e  t h r e e  
canted  s p r i n g  approach minimizes t h e  s t r u c t u r a l  complexity.  Th i s  system u s e s  
t h r e e  s p r i n g s  mounted near  t h e  r ad ius  of gy ra t ion .  Canting t h e  s p r i n g s  a t  
t h e  proper  ang le  provides  t h e  proper  r a t L n  of angular  t o  t r a n s l a t i o n a l  momentum. 
Unlike t h e  c e n t e r l i n e  system, t h e  th ree  s p r i n g  approach r e q u i r e s  t h e  s imulta-  
neous release of t h r e e  mechanisms f o i  proper  Probe deployment, i n t roduc ing  
a d d i t i o n a l  s e p a r a t i o n  e r r o r s  due t o  non s imul t ane i ty .  Analys is  of a similar 
t h r e e  s p r i n g  s e p a r a t i o n  f o r  G a l i l e o  Probe i n d i c a t e s  a t i m e  u n c e r t a i n t y  of 
release of 2 msec. 
Concepts f o r  a t h r e e  canted sp r ing  des ign  range from a guided release 
resembling t h e  c e n t e r l i n e  s p r i n g  t o  an unguided release i n  which t h e  mass and 
i n e r t i a  of t h e  Probe preserve  t h e  alignment dur ing  e j e c t i o n .  The unguided 
t h r e e  canted  s p r i n g  des ign  has  t h e  advantage of s i m p l i c i t y  and the  d isadvantage  
of less p rec i s ion .  
a s  low c o s t  of t h e  t h r e e  s p r i n g  design r e s u l t s  i n  i t s  s e l e c t i o n  as t h e  b a s e l i n e  
s e p a r a t i o n  scheme f o r  t h i s  r e p o r t .  
ang le  of a t t a c k  are accep tab le ,  t h e  base l ine  f u r t h e r  assumes unguided sepa ra t ion .  
A d i s c u s s i o n  of s e p a r a t i o n  parameters and dynamics f o r  t h e  b a s e l i n e  des ign  
fo l lows  t h e  hardware d e s c r i p t i o n  i n  the nex t  s e c t i o n .  
The r e l a t i v e  s t r u c t u r a l  and mechanical s i m p l i c i t y  as w e l l  
Since t h e  p red ic t ed  t a r g e t i n g  error and 
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Base l ine  Separa t ion  Hardware - Three Canted Spring Design 
F igu res  5.1-1, 5.1-2, and 5.1-3 show t h e  C a r r i e r h r o b e  mechanical i n t e r f a c e s .  
The t h r e e  support  s t r u c t u r e  des igns  (monopod, bipod,  and t r i p o d )  accommodate 
t h e  d i f f e r e n t  Carrier mounting l o c a t i o n s  along t h e  bulkhead and equipment 
r i n g  (F igu re  5.1-1). 
s e p a r a t i o n  nuts .  
A l l  t h r e e  have p l a t e s  ho ld ing  the  sp r ing  c a r t r i d g e s  and 
(F igu re  5.1-2). A r i n g  l i n k s  t h e  t h r e e  suppor ts  toge ther .  
Three e l l i p t i c a l  p e n e t r a t i o n s  i n  t h e  Probe d e c e l e r a t o r  nose a l low t h e  
s p r i n g  c a r t r i d g e s  t o  mate t o  t h e  main Probe  s t r u c t u r e  (F igu re  5.1-3). The sp r ing  
c a r t r i d g e  tube carries loads  from the Probe t o  t h e  suppor t  p l a t e .  I t  houses a 
10 c m  compressed s p r i n g  which extends t o  15 c m  f o r  Probe  r e l e a s e .  A b o l t  running 
along t h e  c e n t e r l i n e  of t h e  s p r i n g  ties t h e  suppor t  t o  t h e  Probe. The b a l l - i n  
socket  a t  t h e  c a r t r i d g e  end bears  loads i n  t h e  d i r e c t i o n  of t h e  P robe ' s  
c e n t e r l i n e .  
I n s u l a t i o n  around t h e  b o l t  c a t r h e r  r-atects t h e  equipment module from concent ra ted  
hea t ing  l o a d s  dur ing  atmospheric  en t ry .  
A b o l t  c a t c h e r  w i t h i n  t h e  Probe a t t a c h e s  t o  t h e  equipment s h e l f .  
The umbi l i ca l  cord to t h e  Probe runs  along one of t h e  t h r e e  s t r u t s  and e n t e r s  
t h e  Probe through another  pene t ra t ion .  A c a b l e  c u t t e r  and r e t r a c t i o n  s p r i n g s  
s e p a r a t e  t h e  cab le  p r i o r  t o  Probe release. Sec t ion  4.6 d i s c u s s e s  t h e  s i g n a l s  
c a r r i e d  by t h e  umbi l i ca l  cable .  
F i r i n g  t h e  t h r e e  explos ive  n u t s  f o r c e s  t h e  b o l t s  e n t i r e l y  i n t o  t h e  Probe and 
f r e e s  t h e  s p r i n g s  f o r  Probe release. Tabs i n  t h e  c a r t r i d g e s  impede any f u r t h e r  
sp r ing  ex tens ion  beyond 15 cm.  Crushables a t  t h e  end of t h e  b o l t  c a t c h e r  
prevent  any damage t o  t h e  Probe. The Probe s e p a r a t e s  wi th  a corkscrew motion - 
simultaneoiisly sp inning  and t r a n s l a t i n g  away from t h e  Carrier. The dynamics of 
t h e  s e p a r a t i o n  a r e  d iscussed  below. 
Separa t ion  Dynamics 
The fol lowing des ign  parameters  s e p a r a t e  a probe wi th  a mass of 141 kg and 
i n e r t i a  of 44 Kg-m 2 a t  0.2 m / s  and 10 rpm s p i n  rate. 
c a n t  angle:  
r a d i u s  t o  s p r i n g  a t t a c h  po in t s :  
s p r i n g  cons t an t :  
s p r i n g  compressed length:  
s p r i n g  s t roke :  
release t i m e :  
angu la r  impulse: 
l i n e a r  impulse: 
75.2 deg 
0.45 m 
7184 N / m  ( 3  p laces)  
10 cm 
5 c m  
0.15 s 
46 N m s  
28.2 
The r e s u l t i n g  impulses  app l i ed  t o  t h e  C a r r i e r  are w i t h i n  JPL's l i m i t i n g  
va lues  f o r  such impulses : .  100 Nms angular ,  60 N s  l i n e a r .  A wide range of 
s e p a r a t i o n  v e l o c i t y  and s p i n  ra te  i s  al lowable.  F igure  5.1-4 ske tches  t h e  bounds. 
The o r i e n t a t i o n  of each s p r i n g  provides  both a t a n g e n t i a l  (spin-up) and 
a x i a l  ( s epa ra t ion )  f o r c e  t o  t h e  Probe. There i s  no r a d i a l  component. The Probe 
c o n t a c t  s u r f a c e  i s  a ba l l - in  s o c k e t ,  as  is  used € o r  Leasat f r i s b e e  e j e c t i o n .  
By a t t a c h i n g  t h e  s p r i n g  t o  t h e  support  s t r u c t u r e  wi th  a p i n  t h e  can t  angle  can 
change s l i g h t l y  dur ing  e j e c t i o n .  With t h e  example des ign ,  t h e  s p r i n g  can t  ang le  
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r o t a t e s  from 75.2 deg t o  about 72  deg dur ing  e j e c t i o n .  The sp r ings  apply 
t h e i r  f o r c e  a t  0.45m, c l o s e  t o  the  rad ius  of gy ra t ion  of 0.56m. Mounting 
t h e  sp r ings  f u r t h e r  from t h e  Probe rad ius  of g y r a t i o n  would i n c r e a s e  t h e  
amount of s p r i n g  r o t a t i o n .  A s p r i n g  guide prevents  excess ive  sp r ing  bending 
i n  t h e  Probe r a d i a l  d i r e c t i o n .  
The key concern of t h e  t h r e e  spr ing s p i n l e j e c t i o n  scheme is t he  possi-  
b i l i t y  of undesired torques  perpendicular  t o  t h e  intended s p i n  d i r e c t i o n  
causing t h e  Probe t o  tumble. Tumble w i l l  no t  occur i f  t h e r e  i s  a f a s t  enough 
s p i n  up  -- o r  l a r g e  enough i n e r t i a .  
To he lp  understand t h e  a c t i o n  of t h i s  system w e  can cons ider  t h e  dynamic 
response of c l a s s e s  of systems t o  an angular  impulse about a t r ansve r se  ax i s .  
For a sp inning  body t h i s  impulse induces n u t a t i o n  about an o f f s e t  angular  
momentum vec tor .  For a non-spinning body t h i s  impulse induces tumbling ( i f  
g iven  enough t i m e ) .  For a body undergoinx spin-up t h i s  impulse can start  t h e  
body tumbling but as long as t h e  motion doesn ' t  prevent  proper a p p l i c a t i o n  of 
t h e  spin-up torque,  t h e  motion ~ ? C P W -  n u t a t i o n  as t h e  body is spun up. The 
response approaches the  sp inning  body response as t h e  spinup t i m e  approaches 
zero.  
An estimate f o r  t h e  maximum undesired t r a n s v e r s e  angular  impulse comes 
from previous a n a l y s i s  of t h e  G a l i l e o  Probe e j e c t i o n .  I n  t h i s  case, t h e  
e f f e c t  of a l l  misalignments,  asymmetries, mist imings,  and o t h e r  s e p a r a t i o n  
torques  i n  t h e  t r ansve r se  d i r e c t i o n  is c a l c u l a t e d  t o  be l e s s  than the  equiva- 
l e n t  of 1 N m s  angular  impulse appl ied a t  t h e  start of s epa ra t ion .  
I f  a 1.0 N m s  t r a n s v e r s e  angular  impulse is appl ied  t o  t h e  T i t a n  Probe a t  
t h e  start of s p i n / e j e c t  and assume sepa ra t ion  wi th in  0 . 2 ~ ~  t h e  symmetry axis 
t i p s  less than 0.3 deg, g iv ing  displacements  less than  5% of the  sp r ing  
s t roke .  Also, a f t e r  0.07s t h e  Probe has acquired ha l f  of i t s  f i n a l  angular  
momentum. A t  t h i s  t i m e ,  t h e  symmetry ax la  has  t ipped  on ly  0 .1  deg and t h e  
displacements  are less than  1.5% of the sp r ing  s t roke .  S ince  t h e  displacements  
are small, they do not  prevent t h e  spi!ngs from sp inning  up t h e  Probe,  and 
t h e  Probe achieves a s t a b l e  spinning cond i t ion  al though t h e  i n i t i a l  cond i t ion  
has  no angular  momentum. F igures  5.1-5 and 5.1-6 demonstrate success fu l  
s e p a r a t i o n  f o r  t h i s  case based on dynamic s imula t ion .  
A p e r f e c t  e j e c t i o n  would g ive  the Probe angular  momentum and s e p a r a t i o n  
v e l o c i t y  v e c t o r s  w i th  t h e  des i r ed  magnitude and d i r e c t i o n .  
Probe angular  momentum and sepa ra t ion  v e l o c i t y  come d i r e c t l y  from two sources:  
1) C a r r i e r  o r b i t  and a t t i t u d e  e r r o r s ,  and 2)  asymmetric e j e c t i o n  e f f e c t s .  
A two body s imula t ion  program has been developed t o  s tudy  asymmetric s e p a r a t i o n  
e f f e c t s .  The s imula t ion  u s e s  JPL-supplied mass p r o p e r t i e s  f o r  t h e  Mariner Mark 
I1 carrier and Hughes e s t ima tes  f o r  Probe mass p r o p e r t i e s :  
s p i n  i n e r t i a ,  and 24 KG-m2 t r ansve r se  i n e r t i a .  The e f f e c t s  of sp r ing  mismatch, 
C a r r i e r  r e a c t i o n ,  release mechanism mistiming, and Probe c e n t e r  of mass o f f s e t  
were s t u d i e d  sepa ra t e ly .  
The e r r o r s  i n  t h e  
141  Kg mass, 44 KG-m2 
Simulat ion dl assumes an  i n e r t i a l l y  f ixed  Carrier, matched symmetric sp r ings ,  
s imultaneous sepa ra t ion  device  r e l e a s e ,  and p e r f e c t  Probe balance and alignment.  
F igure  5.1-7 shows t h a t  t h e  Probe acqui res  t h e  des i r ed  0.2 m / s  s e p a r a t i o n  v e l o c i t y  
and 10 rpm s p i n  ra te  fol lowing an e j e c t i o n  t h a t  t a k e s  about 0.15 s. 
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Simulat ion 8 2  shows t h e  e f f e c t  of t h e  Carrier r e a c t i o n  t o  t h e  s e p a r a t i o n  
The s e p a r a t i o n  axis does not pass  through t h e  Carrier c e n t e r  of f o r c e s .  
mass and does not  l i e  along a p r i n c i p a l  ax i s .  A s  a r e s u l t ,  t h e  Carrier 
r o t a t e s  about a l l  t h r e e  axes as t h e  Probe i s  e j e c t e d .  Figure 5.1-8 re- 
sembles f i g u r e  5.1-5. T h i s  s i m i l a r i t y  i n d i c a t e s  s m a l l  e r r o r s  i n  magnitude: 
about 1% i n  s p i n  angular  v e l o c i t y  and 0.5% i n  a x i a l  v e l o c i t y .  F igu re  5.1-9 
shows t h e  r e s u l t i n g  components of s epa ra t ion  v e l o c i t y  and angu la r  v e l o c i t y  
i n  t h e  d i r e c t i o n s  perpendicular  t o  the d e s i r e d  d i r e c t i o n .  
S imula t ion  W3 shows the e f f e c t  of a large s p r i n g  mismatch. Spring 
mismatch i s  expected t o  be t h e  l a r g e s t  asymmetric e f f e c t  a s s o c i a t e d  with 
s e p a r a t i o n  dev ice  asymmetry. T h i s  s imulat ion assumes one sp r ing  has  a sp r ing  
cons t an t  110% of nominal while t h e  o the r  two have sp r ing  c o n s t a n t s  90% of 
nominal. I n  r e a l i t y ,  t h i s  mismatch can be reduced by making a s p e c i a l  e f f o r t  
t o  select  matched sp r ings .  The conse rva t ive  s imula t ion  shows about 2% change 
i n  t h e  magnitudes of both t h e  s e p a r a t i o n  v e l o c i t y  and t h e  angular  momentum. 
F igu re  5.1-10 shows t h e  l a t e ra l  v e l o c i t y  and t r a n s v e r s e  angular  v e l o c i t y  
p r o f i l e s .  
Simulat ion # 4  shows t h e  e f f e c t  of a mistiming i n  one release mechanism. 
The 0.002 s maximum mistiming est imated f o r  G a l i l e o  is used here. The simu- 
l a t i o n  p r e d i c t s  a 1.2% e r r o r  i n  s e p a r a t i o n  v e l o c i t y  and a 0.2% e r r o r  i n  
angu la r  momentum caused by t h e  mistiming. F igu re  5.1-11 shows t h e  l a t e r a l  
v e l o c i t y  and t r a n s v e r s e  angu la r  v e l o c i t y  p r o f i l e s .  Note t h a t  t h e  f i n a l  
l a t e ra l  v e l o c i t y  i s  much smaller than t h e  l a t e ra l  v e l o c i t y  i n  t h e  middle of 
t h e  e j e c t i o n .  
Simulat ion 8 5  shows t h e  e f f e c t  of Probe c e n t e r  of mass o f f s e t .  A 1 c m  
o f f s e t  from t h e  release system a x i s  o t  zynmetry would cause a 1 cm/s l a t e ra l  
v e l o c i t y  f o r  a 10 rpm release and guided s e p a r a t i o n .  I n  t h e  unguided system, 
f i g u r e  5.1-12, t h e  f i n a l  l a t e ra l  v e l o c i t y  i s  less than t h i s  because of t h e  
a c t i o n  of t h e  s p r i n g s  du r ing  t h e  e j e c t i o n .  The s imula t ion  p r e d i c t s  a 1.2% 
e r r o r  i n  s e p a r a t i o n  v e l o c i t y  and a 0.2% e r r o r  i n  angu la r  momentum. 
Imprecis ion i n  Probe angu la r  momentum v e c t o r  d i r e c t i o n  causes  angle  of 
a t t a c k  e r r o r s  a t  en t ry .  
l a t e ra l  v e l o c i t y )  causes  t a r g e t i n g  e r r o r s  a t  e n t r y .  Table  5.1-2 summarizes 
t h e  e f f e c t  of t h e  asymmetries s tud ied  i n  l a t e ra l  v e l o c i t y  and ang le  of a t t a c k .  
The exact r e l a t i o n s h i p  between sepa ra t ion  v e l o c i t y  e r r o r  and t a r g e t i n g  e r r o r  
depends on t h e  Probe t r a j e c t o r y .  I f  t h e r e  were no g r a v i t a t i o n a l  e f f e c t s ,  
each m m / s  of l a t e r a l  v e l o c i t y  would cause 1.7 Km B-plane t a r g e t i n g  e r r o r .  
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5.2 Receive Antenna 
F i g u r e  5.2-1 shows a p o s s i b l e  Car r i e r  mechanical i n t e g r a t i o n  of t h e  b a s e l i n e  
0.75m diameter  r ece ive  antenna. 
below t h e  E a r t h  poin t ing  high g a i n  antenna. 
i n d i c a t e  t h a t  an  antenna u p  t o  1 m d i a m e t e r  can mount i n  t h i s  area, but  t h e  
i n t e g r a t i o n  of any antenna r e q u i r e s  a d e t a i l e d  examination by t h e  Mariner Mk I1 
c o n f i g u r a t i o n  eng inee r s  a t  JPL. 
may be r equ i r ed  to  po in t  anywhere from - 5 O  t o  -140O from t h e  an t i -Ear th  l i n e .  
An antenna p o s i t i o n e r  is necessary  t o  all-ow t h i s  mission f l e x i b i l i t y  and, as  
shown i n  s e c t i o n  2.4, cons iderably  inc reases  communications performance i f  used 
t o  t r a c k  t h e  Probe p o s i t i o n  dur ing  Car r i e r  over  f l i g h t .  The r e c e i v e  antenna 
may a l s o  mount t o  t h e  scan  p la t form which e l i m i n a t e s  t h e  need f o r  a s e p a r a t e  
poin t ing  mechanism, but  r e q u i r e s  a longer  cab le  run t o  t h e  r e c e i v e r .  A thorough 
t r a d e o f f  of antenna i n t e g r a t i o v  o n t l r i s  r e q u i r e s  ref inement  of C a r r i e r  des ign  
c o n s t r a i n t s  and l i n k  performance requirements.  
The antenna mounts on t h e  top  of t h e  s p a c e c r a f t  
P re l imina ry  conf igu ra t ion  s t u d i e s  
Depending on t h e  f i n a l  mission plan t h e  antenna 
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5.3 Receiver  
The mission a n a l y s i s  i n  s e c t i o n  2.4 shows two ways t h a t  t h e  r e c e i v e r '  
des ign  is a determining f a c t o r  i n  the  performance of t h e  system. 
des ign  sets both t h e  requirement f o r  Eb/No (energy t o  n o i s e  l e v e l  r a t i o )  as 
w e l l  as t h e  t o l e r a b l e  l e v e l  of doppler r a t e .  These requirements  l i m i t  t h e  
t i m e  t h a t  a t  a g iven  rate can be supported. 
The r e c e i v e r  
The key d r i v e r  i n  the  r e c e i v e r  design is t he  requirement f o r  two d a t a  
rates: one a t  100 bps and t h e  o t h e r  a t  10 Kbps. Both d a t a  rates must be 
r ece ived  wi th  an e r r o r  r a t e  b e t t e r  than one i n  a thousand. I n  a d d i t i o n ,  t h e  
r e c e i v e r  must d e t e c t  when t h e  t r a n s i t i o n  between t h e  two d a t a  rates occurs .  
The purpose of t h e  h igher  rate is t o  a l low f o r  an imaging dev ice  which re- 
q u i r e s  a d a t a  ra te  of a t  least  2 kbps and p re fe rab ly  10 Kbps. The pre l iminary  
s t r a t e g y  is t o  i n i t i a t e  t he  imaging a t  an a l t i t u d e  of 10 km with t h e  Probe 
c lock  t r i g g e r i n g  t h e  switch t o  -Lc :.:gner d a t a  rate. As a po in t  of r e fe rence ,  
t h e  G a l i l e o  Probe has  a s i m p l i f i c a t i o n  of on ly  one d a t a  rate of 128 bps and a 
complicat ion of a lower C/No (carrier t o  no i se  r a t i o )  a t  acqu i s i t i on .  
Modulation Formats 
The f irst  s t e p  i n  t h e  r e c e i v e r  design is t o  determine t h e  means of 
t r a n s m i t t i n g  d i g i t a l  d a t a  from t h e  Probe t o  t h e  r ece ive r .  Given t h a t  t h e r e  
are no bandwidth c o n s t r a i n t s ,  t h r e e  modulation formats  are app l i cab le :  (1) 
non-coherent frequency s h i f t  keying (NC FSK), (2)  non-coherent d i f f e r e n t i a l l y  
encoded phase s h i f t  keying (NC DPSK) and (3) coherent  b inary  phase s h i f t  
keying (BPSK). NC FSK provides  t h e  l e a s t  complex r e c e i v e r  s t r u c t u r e  while  
BPSK i s  the  most complex. I f  t h e  Eb/No requirements  f o r  t h e  d i f f e r e n t  mod- 
u l a t i o n  formats  were i d e n t i c a l ,  then I X  PSK would be t h e  obvious choice f o r  
implementation; however, Table  5.3-1 demonstrates t h a t  t h i s  is not  t h e  case. 
Table  5.3-1 shows t h e  t h e o r e t i c a l  (implement t i o n  l o s s e s  a r e  no t  included)  
Eb/N requi red  t o  achieve a b i t  e r r o r  ra te  of lo-'. Requirements are l i s t e d  
f o r  g o t h  uncoded d a t a  and ra te  1 / 2 ,  c o n s t r a i n t  l eng th  7 ,  convo lu t iona l ly  en- 
coded da ta .  Cons t r a in t s  on t h e  receiver's output  d a t a  r a t e  preclude t h e  use  
of s o f t  d e c i s i o n  informat ion  (see sec t ion  4.6). The requirements  f o r  t h e  
convo lu t iona l ly  encoded d a t a  assume t h a t  t h e  e r r o r  ra te  on t h e  Carrier t o  
E a r t h  l i n k  i s  not  s i g n i f i c a n t .  Note t h a t  whi le  e l imina t ion  of coding would 
seem t o  reduce r e c e i v e r  complexity,  t h i s  is not  r e a l l y  t h e  case. Removal of 
t h e  convolu t iona l  code would r e q u i r e  the  i n c l u s i o n  of Manchester encoding t o  
ensure  enough b i t  t r a n s i t i o n s  f o r  proper s i g n a l  synchroniza t ion .  
For  coded da ta ,  BPSK c lear ly  provides t h e  b e s t  performance whi le  NC FSK 
is t h e  worst  performer.  The i s s u e  is whether t h e  reduced complexity of NC 
FSK o f f s e t s  t h e  5.2 dB pena l ty  i n  t h e  Eb/No requirement.  
requirment lowers  t h e  t i m e  t h a t  can be supported a t  a g iven  d a t a  ra te  ( s e c t i o n  
2.4); however, if both  NC FSK and BPSK provide s u f f i c i e n t  t i m e ,  then  N C  FSK is 
t h e  proper choice.  To q u a n t i t a t i v e l y  eva lua te  the  d i f f e r e n c e s  i n  r e c e i v e r  
complexity,  s p e c i f i c  r e c e i v e r  des igns  must be examined. NC DPSK w a s  no t  
included i n  t h i s  s tudy  because i t  was margina l ly  less complex than  BPSK. 
This  h ighe r  Eb/No 
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The s i m p l e  NC FSK mechanization comes a t  a c o s t  of h igher  requi red  Eb/No 
t o  achieve  a given b i t  e r r o r  r a t e .  BPSK r e q u i r e s  s i g n i f i c a n t l y  l e s s  l i n k  
power a t  some increased  complexity. I n  BPSK, t h e  t r a n s m i t t e r  modulates t h e  
carrier wi th  a s i g n a l  which genera tes  one of two phases. Typ ica l ly ,  t he  two 
phases are 0 and 180 degrees;  o r  equ iva len t ly ,  t h e  modulating s i g n a l  i s  p lus  
o r  minus 1. To d i s t i n g u i s h  between the two t r ansmi t t ed  phases,  t he  r e c e i v e r  
must g e n e r a t e  a coherent  phase reference.  Th i s  process  i s  known as c a r r i e r  
recovery  and is  t y p i c a l l y  accomplished with a phase-locked-loop (PLL) .  The 
PLL accounts  f o r  t h e  a d d i t i o n a l  complexity of t h e  BPSK rece ive r .  
S ince  coherent  BPSK i s  used on the G a l i l e o  Probe,  one conceptual  approach 
f o r  T i t a n  Probe i s  t o  modify t h e  Ga l i l eo  receiver. G a l i l e o  u s e s  a micropro- 
ces so r  based d i g i t a l  r e c e i v e r  designed t o  suppor t  a s i n g l e  d a t a  ra te  of 128 
bps. There are two ways t h e  G ~ I f l ? n  i e s i g n  can be modified t o  accomodate 
h igher  rates: (1) r e p l a c e  the  e x i s t i n g  components wi th  f a s t e r  equ iva len t s  
and/or  (2) use  t h e  G a l i l e o  r e c e i v e r  concept, bu t  map as many sof tware  func t ions  
as poss ib l e  i n t o  dedica ted  hardware ( t o  a l e v i a t e  microprocessor loading) .  
The f a s t e s t  spacequal i f ied  microprocessor ( 3  MHz clock)  appl ied  t o  t h e  G a l i l e o  
des ign  suppor ts  a d a t a  rate of only 660 bps. Mapping sof tware func t ions  i n t o  
dedica ted  hardware y i e l d s  a maximum suppor tab le  d a t a  ra te  of only 1300 bps. 
The G a l i l e o  des ign ,  t h e r e f o r e ,  can not be modified t o  meet the  10 kbps requi re -  
ment. Though e x c e l l e n t  f o r  t h e  l o w  r a t e  G a l i l e o  a p p l i c a t i o n ,  t h e  a l l  d i g i t a l  
r e c e i v e r  is  too  computat ional ly  i n t e n s i v e  i n  i t s  implementation of c a r r i e r  
recovery and symbol synchroniza t ion  loops. 
The a l t e r n a t i v e  BPSK r e c e i v e r  with analog c a r r i e r  recovery and symbol 
synchroniza t ion  loops (F igu re  5.3-4) i .?ndles  a d a t a  r a t e  of 10 kbps without  
d i f f i c u l t y .  The feedback loop a t  the frbA;t end recovers  t h e  phase of t h e  
c a r r i e r  and demodulates t h e  incoming BPSK s i g n a l .  The a c q u i s i t i o n  l o g i c  and 
lock  d e t e c t o r  e s t i m a t e s  c a r r i e r  frequcncy t o  recover  the  phase of t he  c a r r i e r .  
The a c q u i s i t i o n  l o g i c  sweeps t h e  center  frequency of t h e  vol tage-cont ro l led  
o s c i l l a t o r  ( V C O )  u n t i l  t h e  lock  de tec to r  i n d i c a t e s  t h a t  t h e  loop  is i n  lock.  
Once t h e  carrier frequency has been loca ted ,  t h e  d a t a  are demodulated. The 
output  of t h e  low pass  f i l t e r  (LPF) is t h e  p lus  o r  minus one s i g n a l  which, 
i n t e g r a t e d  over  a b i t  t i m e ,  estimates whether a "1" o r  a "0" has  been received.  
As mentioned previous ly ,  t h e  d a t a  r a t e  d e c i s i o n  and symbol synchroniza t ion  
f u n c t i o n s  a r e  common t o  both t h e  BPSK and NC FSK r e c e i v e r s .  
The doppler  performance of t h e  BPSK r e c e i v e r  depends on t h e  a b i l i t y  of t h e  
c a r r i e r  recovery loop  t o  t r a c k  t h e  phase and frequency v a r i a t i o n  of t h e  carrier. 
Conceptually,  t h e  recovery loop is  a feedback loop  which r e a c t s  t o  the  phase of 
t h e  inpu t  s i g n a l .  
doppler  v a r i a t i o n .  
t r ack ing  a b i l i t y .  
i s  dependent upon t h e  f u n c t i o n a l  form of t h e  doppler  v a r i a t i o n .  
Hence, t h e  l ~ o p  m u s t  be a t  least second o r d e r  t o  t r a c k  t h e  
A t h i r d  o rde r  loop (as chosen f o r  Ga l i l eo )  provides  improved 
The degree t o  which t h e  loop can t r a c k  t h e  frequency v a r i a t i o n  
F igure  5.3-5 shows a doppler  r a t e  p r o f i l e  f o r  a t y p i c a l  mission. With 
an  exponent ia l  approximation, t h e  doppler l i m i t a t i o n s  of t h e  c a r r i e r  recovery 
loop  can be determined both by s imula t ion  and a n a l y s i s .  
depend on t h e  o r d e r  and bandwidth of t he  loop. 
a loop bandwidth of 20 Hz s a t i s f i e s  the c o n s t r a i n t s  on phase degrada t ion ,  mean 
The performance l i m i t s  
For t h e  second o rde r  loop,  
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t i m e  t o  cyc le  s l i p ,  and loop  sweep r a t e .  S imula t ions  show t h a t  t h e  second 
o r d e r  loop  can t r a c k  doppler  rates up t o  2 Hz/s wi th  a bandwidth of 20 Hz. 
Simula t ions  a l s o  show t h a t  t h e  t h i r d  o rde r  loop  can t r a c k  doppler  rates 
up  t o  110 Hz/s w i th  a loop bandwidth of on ly  5 Hz. Th i s  i s  w e l l  above any 
mission requirements .  I n  f a c t ,  t h e  t h i r d  o rde r  l oop  can probably be designed 
w i t h  a l a r g e r  loop  bandwidth, allowing even h ighe r  doppler  rates t o  be t racked.  
The d i f f i c u l t y  wi th  us ing  a t h i r d  order  loop  i s  t h a t  under c e r t a i n  cond i t ions ,  
t h e  loop  can become uns tab le .  Consequently, t h e  t i m e  t o  des ign  a t h i r d  o r d e r  
loop  is s i g n i f i c a n t l y  longer  than fo r  a second o r d e r  loop. 
The a b i l i t y  t o  t ake  r a d i o  sc ience  measurements i s  a l s o  dependent on t h e  
o rde r  of t h e  carrier recovery loop. With a second o r d e r  loop,  an  e s t ima te  of 
t h e  c a r r i e r  frequency i s  a v a i l a b l e .  A t h i r d  o r d e r  loop provides  e s t i m a t e s  of 
bo th  carrier frequency and frequency rate. 
r equ i r ed  t o  d i g i t i z e  t h e  measuremen+;. 
I n  any case ,  D / A  conve r t e r s  are 
Tradeof f Summarv 
Table  5.3-2 summarizes t h e  i n v e s t i g a t i o n  of NC FSK and BPSK r e c e i v e r s .  
Reca l l i ng  from t h e  mission a n a l y s i s  of s e c t i o n  2.4 t h a t  a doppler  ra te  l i m i t  
of  8 Hz/s i s  not  a s eve re  c o n s t r a i n t ,  we conclude t h e  a d d i t i o n a l  hardware 
r equ i r ed  by a fou r  f i l t e r  r e c e i v e r  i s  n o t  j u s t i f i e d .  Likewise,  t h e  second 
o r d e r  recovery loop  provides  adequate doppler  r a t e  p r o t e c t i o n  f o r  t h e  BPSK 
r e c e i v e r .  The a d d i t i o n a l  des ign  time r equ i r ed  f o r  t h e  t h i r d  o rde r  loop i s  n o t  
warranted.  
The t r adeof f  between NC FSK and BPSY is  power e f f i c i e n c y  v e r s u s  imple- 
mentat ion complexity.  Sec t ion  2.4 sbvs t h a t  NC FSK suppor t s  inadequate  t i m e  
a t  t h e  high d a t a  rate. Another cons ide ra t ion  is  t h e  f a c t  t h a t  BPSK provides  
r a d i o  sc i ence  measurements whi le  NC FSK does not .  The choice  f o r  a b a s e l i n e  
des ign  is  BPSK wi th  a 2nd o r d e r  c a r r i f s r  recovery loop. 
Data Rate Detec t ion  
Although t h e  b a s e l i n e  des ign  has been chosen, t h e r e  are s t i l l  two more 
r e c e i v e r  i s s u e s  which must be pinned down: (1) d a t a  r a t e  change d e t e c t i o n  
and ( 2 )  r a d i o  sc i ence  frequency es t imat ion .  The change i n  d a t a  ra te  must be 
d e t e c t e d  so t h a t  t h e  symbol synchroniza t ion  loop  can be proper ly  ad jus t ed .  
There are two ways t h i s  can be done. The f i r s t  t echnique  simply u s e s  a c lock  
onboard t h e  c a r r i e r  t o  i n d i c a t e  t h e  switch from t h e  low d a t a  ra te  t o  t h e  h igh  
d a t a  r a t e .  Given t h a t  t h e  c a r r i e r  and probe c locks  are synchronized j u s t  
be fo re  s e p a r a t i o n ,  i t  i s  p o s s i b l e  t o  compute t h e  u n c e r t a i n t y  of t iming t h e  
t r a n s i t i o n  t o  t h e  high d a t a  rate.  Assuming a 20 day c o a s t  per iod  and c lock  
s t a b i l i t i e s  on t h e  o rde r  of 20 p a r t s  per  m i l l i o n ,  t h e  t iming u n c e r t a i n t y  i s  
approximately 69 seconds. 
Hypothesis  t e s t i n g  y i e l d s  a higher  degree  of accuracy. The ou tpu t  of 
t h e  LPF i n  t h e  BPSK r e c e i v e r  ( s e e  Figure 5.3-4) is t h e  sum of t h e  d a t a  s i g n a l  
p l u s  noise .  The o b j e c t i v e  is t o  d i s t i n g u i s h  t h e  h igh  rate from t h e  low rate. 
Af t e r  i n t e g r a t i n g  t h e  s i g n a l  p lus  noise over  a c e r t a i n  per iod  of t i m e  i f  t h e  
o u t p u t  of t h e  i n t e g r a t o r  exceeds a threshold ,  t hen  t h e  l o w  rate i s  present ;  
o the rwise ,  t h e  h igh  ra te  i s  p resen t  (F igu re  5.3-5). 
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To understand how t h i s  works, r e c a l l  t h a t  t h e  high d a t a  r a t e  i s  an 
i n t e g r a l  mu l t ip l e  of t h e  low d a t a  rate. Hence, an i n t e g e r  number of " f a s t "  
b i t s  occupy t h e  same time per iod as one "slow" b i t  (See F igure  5.3-7). L e t  
T be t h e  t i m e  for one slow b i t .  Assume t h e r e  i s  a 50 percent  b i t  t r a n s i t i o n  
p r o b a b i l i t y .  I f  t h e  high d a t a  r a t e  is p resen t ,  then i n t e g r a t i n g  t h e  s i g n a l  
over  T w i l l  y i e l d  zero. However, i f  t h e  low rate i s  p resen t ,  i n t e g r a t i n g  
t h e  s i g n a l  over  T w i l l  y i e l d  a non-zero va lue  ( s e e  F igure  5.3-8). 
t o  F igure  5.3-6, i f  no no i se  is present ,  then i n t e g r a t i n g  over  T w i l l  i n d i c a t e  
which d a t a  rate i s  present .  
Returning 
The a d d i t i o n  of no i se  does no t  r e a l l y  complicate  t h e  problem. Ins t ead  
of being zero  o r  non-zero, t h e  output of t h e  i n t e g r a t o r  is  a gauss ian  
process  wi th  zero  mean, (F igure  5.3-9). I f  t h e  low ra te  i s  p resen t ,  t h e r e  
is some p r o b a b i l i t y  t h a t  t h e  output  of t h e  i n t e g r a t o r  exceeds t h e  threshold .  
Thus, i f  t h e  low rate i s  p resen t ,  then t h e  output  of t h e  i n t e g r a t o r  w i l l  be 
a non-zero mean gauss ian  process .  T f  t he  high ra te  is p resen t ,  then  t h e  
gauss i an  process  w i l l  be zero  mean. 
Based on n o i s e  s t a t i s t i c s ,  t h e  performance of t h e  hypothes is  test g i v e s  
a 0.005 second mean t i m e  t o  c o r r e c t l y  d e t e c t  t h e  high d a t a  rate. The mean 
t i m e  t o  i n c o r r e c t l y  dec ide  high when t h e  low rate  is  p resen t  i s  1015 hours. 
The mean t i m e  t o  i n c o r r e c t l y  dec ide  low when the  high r a t e  i s  present  i s  a l s o  
d5 hours. 
e s t i m a t e  of t h e  d a t a  t r a n s i t i o n  t i m e .  
Thus, hypothes is  t e s t i n g  provides  an extremely quick and a c c u r a t e  
S ince  us ing  an  onboard clock t o  p r e d i c t  t h e  t i m e  of ra te  t r a n s i t i o n  i s  
much less complex than hypothesis  t e s t i n g ,  i t  w a s  chosen as the  base l ine .  
Should more accuracy be requi red ,  the  u s e  of hypothesis  t e s t i n g  i s  a v i a b l e  
a l t e r n a t i v e .  
Frequency Es t imat ion  
The output  of t he  VCD i n  t h e  2nd o r d e r  PLL i s  a noisy  e s t i m a t e  of t h e  
c a r r i e r  frequency. By p e r i o d i c a l l y  sampling t h i s  ou tput  and then smoothing 
i t ,  a more accurate estimate of t h e  c a r r i e r  frequency is obtained.  Th i s  is 
e x a c t l y  t h e  technique t h a t  was used on G a l i l e o  t o  o b t a i n  r a d i o  sc i ence  measure- 
ments. Although G a l i l e o  used a t h i r d  o rde r  loop, t h e  parameter which s e t s  
t h e  performance of t he  e s t ima to r  i s  propor t iona l  t o  i t .  G a l i l e o  used a loop  
bandwidth of 8 Hz. This  y ie lded  a frequency e s t ima t ion  accuracy of 0.25 Hz, 
assuming t h e  doppler  rate i s  no t  s i g n i f i c a n t  over  t h e  i n t e g r a t i o n  time of 213 
second. To accomodate the  doppler  r a t e ,  t h e  b a s e l i n e  BPSK r e c e i v e r  r e q u i r e s  
a loop bandwidth of 20 Hz. Hence, we would expect  a frequency e s t ima t ion  
accuracy of about 0.40 Hz and a corresponding wind measurement accuracy of 0.29 
m / s  a t  i n i t i a l  descent  and 0.71 m / s  a t  impact (Table  5.5-3). The a c t u a l  
performance should be b e t t e r  s i n c e  the C / N o  f o r  T i t a n  i s  h igher  than f o r  
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T h i s  s tudy  has  demonstrated t h a t  some new des ign  concepts  can enable  a 
T i t a n  Probe t o  meet new sc i ence  o b j e c t i v e s  while  main ta in ing  acceptab le  r i s k  
and cos t .  
Table  6-1 summarizes t h e  r e s u l t s  of t h e  major t r a d e o f f s  of t h i s  s tudy.  
The preceding s e c t i o n s  have addressed each of t h e s e  i n  d e t a i l  and def ined  a 
b a s e l i n e  s e l e c t i o n .  
The base l ine  miss ion  and probe design demonstrates  t h a t  haze l a y e r  sampling 
can be accomplished toge the r  w i th  an adequate  descent  t i m e  f o r  atmospheric sampl- 
i n g  and a high d a t a  r a t e  f o r  s u r f a c e  imaging. However, t h e  atmospheric  wind 
u n c e r t a i n t y  compromises t h e  d a t a  l i nk .  I f  wind bounds can be e s t a b l i s h e d  t h e  
a n a l y s i s  i n  s e c t i o n  2.4 should be repeated.  Fo r tuna te ly ,  t h e  automated computer 
s imula t ions  w i l l  f a c i l i t a t e  t h i s  aiialYSiS dur ing  a f u t u r e  s tudy.  
The f ixed  d e c e l e r a t o r  conf igu ra t ion  wi th  at tachment  t o  t h e  Carrier through 
t h e  probe nose o f f e r s  t h e  lowest  cos t  and r i s k  des ign  whi le  s t i l l  providing 
adequate  drag t o  f a c i l i t a t e  h igh  a l t i t u d e  measurements. 
hea t  s i n k  d e c e l e r a t o r  nose with t h e  descent  module eliminates any nose s e p a r a t i o n  
r i s k .  D i f f e r e n t i a l  d rag  enab le s  low r i s k  a f t  s e p a r a t i o n  of t h e  s k i r t .  The 
only  complicat ion inhe ren t  t o  the  base l ine  des ign  is  t h e  need t o  deploy i n s t r u -  
ment sensors .  A s  ins t ruments  become b e t t e r  de f ined ,  f u r t h e r  s tudy  can d e f i n e  
t h e  deployment mechanisms. 
I n t e g r a t i n g  a bery l l ium 
Though somewhat more complicated than  an FSK r e c e i v e r ,  a BPSK r e c e i v e r  
i s  requi red  t o  suppor t  h igh  ra te  d a t a  t ransmiss ion .  A 2nd o r d e r  l oop  r e c e i v e r  
provides  adequate t r ack ing  consider ing t h a t  antenna geometry c o n s t r a i n s  t h e  
mission t iming away from pe r iods  of peak doppler .  Antenna s i z i n g  depends on  
wind model and C a r r i e r  po in t ing  c a p a b i l i t y  and i s  an a p p r o p r i a t e  s u b j e c t  f o r  
f u r t h e r  s tudy  ref inement .  
The selected redundancy implementation h a s  no s i n g l e  po in t  f a i l u r e s  bu t  
does r e q u i r e  redundant and asynchronous ins t rument  d a t a  i n t e r f a c e s .  A f t e r  
i n s t rumen t s  a r e  somewhat b e t t e r  def ined,  f u r t h e r  s tudy  can compare t h e  impact 
of t h i s  approach on ins t rument  complexity as compared wi th  o t h e r  approaches 
which main ta in  a s i n g l e  i n t e r f a c e  with each ins t rument  and u s e  i n t e r n a l  space- 
c r a f t  swi tch ing  t o  handle  redundancy. 
189 
6 .1  Technology Readiness  
P a r t  of t h i s  T i t a n  Probe s tudy  has been t o  d e f i n e  any needed technology 
breakthrough so t h a t  appropr i a t e  enabl ing  r e sea rch  can be undertaken before  
program s tar t  i n  t h e  1988 t i m e  frame. Although a number of f u r t h e r  s t u d i e s  
have been descr ibed  throughout t h i s  r epor t  (summarized i n  t a b l e  6 . 1 - l ) ,  t h e  
s tudy  has  i d e n t i f i e d  no need f o r  enabl ing  technology before  hardware go-ahead. 
There a r e  some d e s i r a b l e  e a r l y  a c t i v i t i e s  t o  be accomplished before  t h e  
development dec i s ion .  These a c t i v i t i e s  i nc lude  v e r i f i c a t i o n  of e n t r y  s t a b i l i t y  
based on 6 DOF s imula t ions ,  cons idera t ion  of less  c o s t l y  hea t  s i n k  des igns  than  
bery l l ium,  d e f i n i t i o n  of d e t a i l e d  instrument  i n t e g r a t i o n  and senso r  deployment 
concepts ,  and ref inement  of t he  relay l i n k  a n a l y s i s  and des ign  based on a more 
d e t a i l e d  wind model i nc lud ing  u n c e r t a i n t i e s .  More d e t a i l e d  d e c e l e r a t o r  des ign  
d e f i n i t i o n  and a n a l y s i s  may show advantages of a r ibbed  or  semi monocoque 
des ign  over  t h e  b a s e l i n e  honeycomb cons t ruc t ion .  
v a l i d a t e  candida te  h e a t s h i e l d  ma te r i a l s .  
A coupon t e s t  o r  tests would 
F i n a l l y ,  t h e  new s e p a r a t i o n  technique of s p l i t t i n g  t h e  d e c e l e r a t o r  and 
a l lowing  d i f f e r e n t i a l  d rag  t o  p u l l  the s k i r t  a f t  of t h e  descent  module nose 
would b e n e f i t  from a f l i g h t  demonstrat ion similar t o  t h e  PAET demonstrat ion 
of parachute  e x t r a c t i o n .  It is  suggested t h a t  such a demonstrat ion be based 
on an  E a r t h  re -en t ry  v e h i c l e  and ba l loon/ rocket  mechanization s imula t ing  t h e  
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N m s  
NMS 
N s  
PAET 
bPS 
Analog t o  D i g i t a l  
Amper e hour 
Atmospheric S t r u c t u r e  Instrument 
Bus I n t e r f a c e  Unit  
b i t  per  second 
Binary Phase S h i f t  Keying 
B r i t i s h  Thermal Unit  
C e  1s ius 
Consu l t a t ive  Committee on Space Data Systems 
Command and Data Processor  
Command and Data Subsystem 
c e n t e r  of g r a v i t y  
Centimeter 
Carrier-to-Noise r a t i o  
Decibel 
Direct Current 
degree p e r  hour 
Degree of Freedom 
D i f f e r e n t i a l l y  Encoded Phase S h i f t  Keying 
En t ry  minus 20 minutes 
Energy-to-Noise Level  r a t i o  
Elastomeric  material 
Exc i t e r  
F i r s t  i n  F i r s t  Out 
Frequency S h i f t  Keying 
f e e t  
gram, f o r c e  of g r a v i t y  a t  Zqrth sea - l eve l  
Gas Chromatograph 
Hughes S p a c e c r a f t  Model 376 
Hertz 
hybrid 
Instrument  Power I n t e r f a c e  Un i t  
Kelvin 
k i  1 ogr  a m  
ki ldHer t z  
k i lome t e r  
k i l o b i t s  pe r  second 
Lithium Suphur Dioxide 
Low Pass  F i l t e r  
Je t  P r opu 1s i o n  Labor a t  o r y  
meter 
MegaHe r t z 




N e t  Flux Radiometer 
Newton meter second 
Neu t ra l  Mass Spectrometer 
Newton second 
P l a n e t a r y  Atmospheric Entry T e s t  














V O I R  
voe 
W 
Pyro Control  Unit  
Phase Locked Loop 
Probe Power I n t e r f a c e  Unit  
pound per  squa re  f o o t  
Radio Frequency 
Radioisotope Heater Unit  
r e v o l u t i o n s  pe r  minute 
Root Sum Square 
Radioisotope Thermal Generator 
Room Temperature Vulcanizing 
Subsystem Power I n t e r f a c e  Unit  
Voltage-controlled o s c i l l a t o r  
Venus O r b i t i n g  Imaging R a d a r  
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